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Preface

The Department of Defense Education Activity (DoDEA) operates 181 schools to educate
military dependents. The schools are located in 11 foreign countries, seven states, Guam, and
Puerto Rico. DoDEA is committed to providing a high-quality education for the dependents
of military and civilian employees. The Community Strategic Plan for school years 2013-2014
through 2017-2018 commits DoDEA to implement the Common Core State Standards in
mathematics (to which DoDEA refers as the College and Career Readiness [CCR] standards).
Efforts to change from the 2009 DoDEA mathematics standards to the CCR standards began
in earnest during the 2014-2015 school year, with the CCR mathematics standards to be
rolled out in elementary schools starting in school year 2015-2016 and scaled up the follow-
ing school year to middle and high schools. This study was designed to support the transition
to the new standards by examining the extent to which DoDEA’s existing mathematics pro-
gram was consistent with best mathematics education practices and by offering suggestions for
improving the implementation of the CCR standards in mathematics. Some of the recommen-
dations, such as aligning the CCR standards with new assessments, appear dated because, by
the time the report was completed and reviewed, DoDEA had already taken some steps. The
study employed a qualitative approach to examine the existing mathematics program and the
initial efforts DoDEA was taking to align the mathematics program and practices with the
CCR standards in mathematics.

This research was sponsored by the DoDEA and conducted within the Forces and
Resources Policy Center of the RAND National Defense Research Institute, a federally funded
research and development center sponsored by the Office of the Secretary of Defense, the Joint
Staff, the Unified Combatant Commands, the Navy, the Marine Corps, the defense agencies,
and the defense Intelligence Community.

For more information on the RAND Forces and Resources Policy Center, see
www.rand.org/nsrd/ndri/centers/frp or contact the director (contact information is provided

on the web page).


http://www.rand.org/nsrd/ndri/centers/frp
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Summary

The Department of Defense Education Activity (DoDEA) operates 181 schools to educate
military dependents. The schools are located in 11 foreign countries, seven states, Guam, and
Puerto Rico. DoDEA’s Community Strategic Plan for school years 2013-2014 through 2017-
2018 calls for continuously improving the education of military dependents to ensure that they
have the skills needed to compete in the 21st-century labor market. The Community Strategic
Plan commits DoDEA to implement the Common Core State Standards (CCSS), to which
DoDEA refers as the College and Career Readiness (CCR) standards, as a way to ensure the
continued provision of high-quality education to military dependents. This study examined
the quality of the current DoDEA kindergarten through 12th grade mathematics program
(which is focused on mathematics standards adopted in 2009) in eight key areas identified by
DoDEA. We also examined the extent to which teachers’ and administrators’ current prac-
tices supported the implementation of the CCR standards in mathematics, identified concerns
related to the implementation of the CCR standards, and made recommendations for improv-
ing implementation (which began during the latter part of our study) in the future.

In preparation for conducting the study, we reviewed the research literature to identify
best practices in standards-based mathematics instruction in the areas of interest to DoDEA.
To examine effective strategies for implementing the CCR standards, we also interviewed
administrators in three exemplary local education agencies (LEAs) selected by DoDEA for this
purpose.! We visited 25 schools located in nine of the 14 DoDEA school districts, including
schools in all three regions—the Americas, Europe, and the Pacific. Schools were selected pur-
posively by DoDEA to represent different geographic areas, grade spans, and school sizes. We
spent one full day in each school; during this time we interviewed the principal and two teach-
ers and observed two mathematics lessons. To obtain similar information from the remaining
five districts that were not visited, we conducted telephone interviews and focus groups with
superintendents, mathematics Instructional Support Specialists (ISSs) and school principals.
We also interviewed administrative staff at DoDEA headquarters (HQ) and at the three area
offices. In addition, we collected information about teachers’ needs for support through an
anonymous online survey made available to all DoDEA mathematics teachers.

It is worth noting that the study was conducted at the same time that DoDEA was begin-
ning the implementation of the CCR standards in mathematics, and some of our findings may
be out of date by the time this report is published.

Implementing a high-quality mathematics program that incorporates best practices in

each of the eight key DoDEA areas is a challenging endeavor. Adoption of the CCR standards

! DoDEA identified five LEAs it believed had exemplary mathematics programs; we included them in the study based on
willingness to participate.
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is one step toward improving the program in the future. As a basis for that change, our results
suggest that DoDEA has been successful in incorporating some best practices into its existing
mathematics program based on 2009 standards more than others. In particular, we observed
more best practices in the areas of Equity and Diversity and Classroom Assessment than in the
other six topic areas.

Curriculum Resources

Many interviewed teachers indicated that their textbooks were not well aligned with the 2009
DoDEA mathematics standards or did not provide sufficient lesson alternatives to meet the
needs of all of their students. These teachers reported not having sufficient standards-aligned
curriculum resources readily available, and, as a result, some sought additional resources on
their own to incorporate into their lessons. Many interviewed teachers were also concerned
that there was no system in place to help them identify and assess the quality of the alternative
resources they identified.

Curriculum and Instructional Quality

The literature emphasizes three aspects of high-quality mathematics curriculum and instruc-
tion: (1) focus on fewer topics but in greater depth; (2) coherence among mathematics topics
across grades and subject areas; and (3) rigor of mathematical thinking, placing equal empha-
sis on conceptual understanding and procedural fluency. The DoDEA mathematics program
we evaluated had a large number of standards that made the program challenging for teachers
to master, thus affecting the implementation of the mathematics program. Furthermore, the
extent to which lessons embodied coherence and rigor varied. In most lessons we observed,
teachers made connections between mathematical concepts within the lesson but did not con-
nect to other topics; in addition, they did not explore the ideas in depth or provide opportuni-
ties for students to discuss them. Connections between mathematics and other subjects were
infrequent. Although most teachers engaged in activities to promote understanding, procedural
skills, and applications, balancing the three areas was challenging in more than half of the
classrooms observed. Teachers seemed to be more comfortable emphasizing mathematical pro-
cedures. Nevertheless, some lessons we observed incorporated challenging activities designed
to promote deeper understanding of mathematical concepts. These activities addressed authen-
tic settings that required students to make assumptions and predict future outcomes.

Equity and Diversity

All schools visited had systems in place to examine student performance and identify low-
performing students. Schools also had effective systems for identifying English learners and
students with special needs, but the identification of gifted students was more informal. Almost
all schools visited implemented inclusion policies, but such policies were not accompanied by
differentiation in instruction in the classroom to ensure student access to the curriculum.
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Content Knowledge

We did not assess teachers’ mathematics content knowledge directly, but we did examine the
extent to which teachers were familiar with the mathematics content standards that were in
place at the time of the study and the CCR content standards that were slated for implementa-
tion. There was a widespread perception among the teachers and administrators we interviewed
that teachers were familiar with the content of the 2009 DoDEA standards, but they were not
familiar with the CCR standards. There were some concerns that teachers, especially at the
elementary grade levels, lacked either in-depth content knowledge of mathematics or confi-
dence in their knowledge.

Classroom Assessments

Teachers used a wide range of assessment techniques to monitor student progress. Although
the frequency and type of classroom assessment varied considerably across teachers, content-
focused assessment and assessments measuring procedural fluency were more prevalent than
assessments that tried to measure mathematical practices (e.g., processes and proficiencies).
Teachers made efforts to prepare students for the summative tests students were required to
take, and that influenced the ways they assessed students within their classrooms. Teachers
indicated that they would need training on assessment that is aligned with the CCR standards
when these standards are adopted.

Instructional Leadership

DoDEA HQ has a strong voice in setting the instructional direction in mathematics for
schools; a number of administrators reported that their role was to carry out directions from
HQ. On a day-to-day basis, it appeared to us that principals and teachers shared responsi-
bility for instructional leadership in mathematics. However, principals did not always self-
identify—and were notalwaysidentified by teachers—as the instructional leader in mathematics.
In many schools, mathematics instructional leadership fell informally to other individuals,
including mathematics ISSs, department chairs, or individual teachers, depending on staff
capacities and expertise.

Administrator and Teacher Professional Development

Principals and teachers have received very little professional development (PD) pertaining to
mathematics since the adoption of the DoDEA standards in 2009. Most reported a need for
PD to prepare them for the CCR standards and, to a lesser extent, to understand specific math-
ematics topics.
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Science, Technology, Engineering, and Mathematics Opportunities

Most schools provided some science, technology, engineering, and mathematics (STEM)
enrichment opportunities to their students, including STEM clubs, STEM events (e.g., science
fairs), and STEM activities integrated into the school day (e.g., STEM lab). However, student
access to STEM opportunities varied considerably depending on staff expertise, resources, and
proximity to STEM-rich organizations.

Recommendations

Move Quickly to Align Mathematics Curriculum, Assessments, and Support Services with
the College and Career Readiness Standards

There are a number of steps that need to be taken to align all elements of the mathemat-
ics program with the CCR standards, and DoDEA is well aware of the challenges it faces to
align textbooks, assessments, and continuing training and support with the CCR standards.
All three need to be replaced or transformed, and each step is expensive. One key intermedi-
ate step might be to provide more CCR standards—aligned curriculum resources to bridge the
time before adoption of new textbooks and assessments. These resources could include a scope-
and-sequence document or a pacing guide to help teachers match lesson content from current
resources with grade-level standards in the CCR standards.

Provide Training to Teachers on Locating Online Resources

Many of the teachers we interviewed indicated that they were using online resources to supple-
ment the textbooks and other materials available from DoDEA. As U.S. states and districts
move to implement the CCSS, more resources are being made available online. All DoDEA
teachers should be able to access such resources and should receive training on how to judge the
quality and applicability of digital resources to meet their own instructional needs.

Help Districts Develop Messages for Parents

The three LEAs we interviewed provided parent workshops as part of their CCSS implemen-
tation efforts. They reported that it was important to keep parents informed about curricular
changes, and it was critical to offer them opportunities to familiarize themselves with the
skills their children would be asked to master and the kinds of lessons their children would be
receiving. Rather than expecting each school to create its own parent education program, it
would benefit schools and parents if DoDEA were to take the lead in preparing materials for
parents and developing workshops to help schools communicate about the CCR standards in
mathematics.

Support Teachers’ Efforts to Change Practice by Reducing Test-Based Accountability
Pressures

Many teachers reported to us that they felt pressure to prepare students to do well on the
TerraNova, the Preliminary SAT/National Merit Scholarship Qualifying Test (PSAT/
NMSQT), and the SAT because results from these tests were used as indicators of school prog-
ress. Some teachers told us that one of their concerns about the CCR standards is that teaching
to the new standards would not prepare their students adequately for these standardized tests.
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Under these circumstances, DoDEA might want to consider ways to deflect these pressures,
particularly if there are plans to change assessments in the future. For example, it might be
helpful to share examples of questions from CCSS-aligned assessments, such as Smarter Bal-
anced or the Partnership for Assessment of Readiness for College and Careers, to help teachers
understand the kinds of expectations DoDEA has for student understanding in mathematics.

Provide Time and Resources for High-Quality Professional Development for Mathematics
Instructional Support Specialists, Principals, and Teachers

DoDEA understands the importance of preparing staff to implement the CCR standards, and
it is already making efforts to provide extensive training for key staff at all levels of the system.
At least on the surface, the plans that have been described to us seem to address most of the
concerns that we heard from administrators and staff. We would like to point out two or three
particular issues that might warrant attention related to PD.

Sustain the Training for Two or Three Years

The exemplary LEAs whose representatives we interviewed found it necessary to continue to
support teachers for three years to change their instruction to align with the CCR standards.?
We do not know DoDEA’s long-term strategy for PD related to aligning mathematics to the
CCR standards, but we encourage leadership to sustain the support provided to teachers for a
minimum of two years and suggest that three years may be appropriate.

Provide Resources and Support at the School and Classroom Levels

Teaching is a highly “situated” activity, i.e., it depends a great deal on the conditions in a
given school, the skills and personality of a given teacher, and the set of students and resources
assembled in a specific classroom. Thus, it is hard to improve teaching from a distance. We rec-
ommend that DoDEA find ways to bring additional instructional support directly to teachers.
This might be accomplished in many ways, but, through whatever means selected, DoDEA
should strive to enhance individualized and classroom-situated support services for teachers.

Build School Capacity

While centralized DoDEA support for the CCR standards is vital, no reform will be successful
unless it brings about sustainable changes at the school level. For this to happen, we recommend
that schools have an assigned individual or staff person who is knowledgeable about the CCR
content standards and practice standards and adept at supporting teachers in lesson develop-
ment. DoDEA might want to consider supporting a mathematics specialist or mathematics
teacher-leader, who will work closely with district ISSs in the provision of teacher support.
Principals and teachers in schools with mathematics specialists on staff were very positive about
the type and quality of support provided by the specialists. In addition, having active and reli-
able support in the form of professional learning communities may help to develop and main-
tain enthusiasm for the CCR standards at the school, even as leadership or other staff changes.

2 The LEAs referred to the standards as the CCSS.
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Start Working with High Schools Now to Ensure Broad Support for Future College and
Career Readiness Standards Implementation

At the time of our visits, most high school teachers indicated that they had not heard much
about the CCR standards other than that DoDEA had adopted them. Moreover, high school
teachers were concerned about how the CCR standards would affect their students’ college
preparation and their overall mathematics program. We suggest that DoDEA send clearer
messages about its intentions, particularly at the high-school level, to promote buy-in and sup-
port prior to implementation.

Monitor College and Career Readiness Standards Implementation and Outcomes

Previous research on school reform shows that the level and quality of implementation are
major determinants of outcomes. Hence, it is important to monitor changes in practices and
strategies undertaken by schools and teachers in order to identify challenges and act to over-
come them. We recommend that DoDEA consider establishing a system to regularly collect
information on school practices as well as on academic and nonacademic student outcomes
(e.g., student scores on CCR standards—aligned assessments, student motivation, interest in
mathematics). This system would provide information to DoDEA so that it can monitor the
CCR standards implementation, identify areas in need of improvement at the system level, and
provide timely and targeted support.

Next Steps

In addition to these specific recommendations, we also identified three questions that DoDEA
might want to investigate as it continues to implement the CCR standards in the future.
Answers to these questions will help DoDEA determine its next steps to support full imple-
mentation of the new standards. The questions are: How effective is the 2015-2016 training
and support in preparing teachers to implement the CCR standards in mathematics? What
follow-on efforts are needed to support implementation in subsequent years? Does the adop-
tion of the CCR standards and accompanying changes in curriculum and instruction lead to
better student outcomes?

Examining these questions in depth not only will improve the CCR standards implemen-
tation and outcomes in mathematics, it also will inform planned efforts to implement the CCR
standards in English language arts in the coming year.
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CHAPTER ONE
Introduction

Background

The Department of Defense Education Activity (DoDEA) operates 181 schools in 14 dis-
tricts located in 11 foreign countries, seven states, Guam, and Puerto Rico. It currently serves
more than 78,000 students and employs more than 8,000 teachers (Clark, 2015). DoDEA
is committed to providing a high-quality education for the dependents of military and civil-
ian employees. The Community Strategic Plan (CSP) for school years 2013-2014 through
2017-2018 calls for DoDEA to continuously improve its efforts to educate students to excel in
an “increasingly competitive, global 21st Century environment” (DoDEA, undated). Toward
that end, the CSP commits DoDEA to implement the Common Core State Standards (CCSS),
to which DoDEA refers as the College and Career Readiness (CCR) standards, in mathemat-
ics and English-language arts (ELA).! This report focused on the mathematics program.
DoDEA sees a number of benefits to implementing the CCR standards in mathematics for
military-connected students. Although DoDEA students have scored above the U.S. national
average on the National Assessment of Educational Progress, their performance on interna-
tional comparisons of mathematics, reading, and science competencies was low compared with
that of students in other developed countries (Organization for Economic Co-operation and
Development [OECD], 2011). DoDEA administrators recognized the need for improvement
and have identified adoption of the CCR standards as an important strategy for raising aca-
demic standards and achievement. Further, children of military families often move between
state public schools and those in the DoDEA system, changing schools as many as six times
during the course of their school years (Richmond, 2015). Since most states have adopted the
CCSS, DoDEA students would be better prepared to transfer to state public schools if they
were educated to master the new standards. To ensure a smooth transition between the previ-
ous DoDEA standards (adopted in 2009) and the CCR standards, DoDEA plans to spend the
next three to five years phasing in the CCR standards, starting with mathematics in prekin-
dergarten (pre-K) through 5th grade, then expanding to secondary mathematics and to ELA.
DoDEA is taking steps toward aligning its mathematics program to the CCR stan-
dards. It recognizes that the CCR standards entail a number of changes from the mathematics
standards used in DoDEA schools since 2009. For example, the CCR standards grade-level
content and the sequence in which topics in mathematics are introduced in the elementary

1" TIn this document, we refer to the new DoDEA standards as the CCR standards, the label currently used within DoDEA.
We refer to the standards adopted by the majority of the states as the CCSS. These two sets of standards are essentially the
same.
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grades differ from that contained in the 2009 standards.? In addition to differences in the
grade-level content, the CCR’s “Standards for Mathematical Practice” identify eight types of
mathematical expertise that teachers should seek to develop in their students, ranging from
“mak[ing] sense of problems and persevering in solving them” to “attend[ing] to precision”
(Common Core State Standards Initiative, undated [b]). While the 2009 DoDEA mathemat-
ics standards delineate both content and process expectations, they do not align exactly with
the content and practice standards in the CCR standards (Common Core State Standards
Initiative, undated [b]). Thus, the adoption of the CCR standards entails changes in the con-
tent being taught (e.g., topics addressed), when mathematical topics are introduced, and what
mathematical practices are emphasized.

New standards by themselves are not sufficient to ensure that students will receive excel-
lent education in mathematics. The mathematics standards establish the formal expectations
of the DoDEA mathematics program, and all other aspects of the program need to be ori-
ented to achieve those expectations. For example, curriculum materials have to be adjusted to
align with the standards; classroom assessments need to be modified to match the demands
of the standards; lesson plans need to be adapted to emphasize the important connections
among mathematical ideas; and instructional interactions need to change to foster persever-
ance in problem-solving, attention to precision, among others. Furthermore, as noted in the
CSP, schools also need to increase curricular and cocurricular opportunities to build student
competencies in science, technology, engineering, and mathematics (STEM) fields.

Purpose and Approach

DoDEA conducted an analysis to identify the gaps between the content and performance
expectations in the 2009 DoDEA mathematics standards and the CCR standards. The analy-
sis found that the number of standards and depth of knowledge embodied in the standards
were similar, but there were many ways in which they differed. As the authors summarized,

Across the grades, there are many partial alignments because the specific mathemartical
expectations for conceptual understanding, specified levels of procedural skill and fluency,
methods of representation (e.g., double number lines or ratio tables), and reference to appli-

cations (real-world or mathematical problems) in the Common Core standards were not
found in the DoDEA standards. (Johnston et al., undated, p. 6)

They also found high alignment between the current DoDEA textbooks and the CCR
standards in kindergarten and first grade but noted that the alignment declined progressively
in higher grades.

The successful adoption of the CCR standards requires changes not only in mathemat-
ics content, but also in supporting actions in other critical areas of the teaching and learning
processes. In this context DoDEA asked the RAND National Defense Research Institute to
examine the quality of the current mathematics program and identify program strengths and
weaknesses in eight key areas:

2 DoDEA commissioned an analysis of gaps between mathematics standards (adopted in 2009) and the performance expec-
tations of the CCSS. See Johnston et al., undated.
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curriculum resources

curriculum and instructional quality

equity and diversity

teacher content knowledge?

curriculum assessments

instructional leadership

administrator and teacher professional development (PD)
access to STEM enrichment.

I

For these areas, the study examines (1) the quality of the practices, curriculum materials,
processes, and supplemental mathematics products currently used in the mathematics program
and (2) the capacity of DoDEA to support the implementation of the CCR standards. We
reviewed research on effective implementation of the CCSS and other curriculum standards
as well as research on mathematics education, to identify best practices associated with each of
the eight key areas of the mathematics program. We also interviewed administrators in three
local education agencies (LEAs) identified by DoDEA as exemplary in terms of implement-
ing the CCSS in mathematics and used them as examples for comparing DoDEA efforts. As
explained in more detail in this report, we use a combination of interviews, classroom observa-
tions, and teacher surveys to examine current DoDEA practices in relation to the best practices
identified through the literature and exemplary districts.

Organization of the Report

In Chapter Two, we describe the methodology used to assess the quality of the current math-
ematics program, and we provide a conceptual framework for the study based on the research
literature on best practices. Chapter Three presents findings on the quality of each of the
eight key mathematics program areas and examines how aligned current DoDEA mathemat-
ics practices are with best practices associated with the CCSS. Chapter Four describes insights
we gained about implementation of curriculum reforms in DoDEA. The final chapter pro-
vides recommendations on promoting quality teaching and learning in mathematics aligned
with the CCR standards and scaling up the implementation of reform effort to middle and
high schools. It also suggests unanswered questions that might guide future research to help
DoDEA take next steps in implementation.

3 We do not directly test teachers’ content knowledge; instead, we rely on anecdotal information, primarily based on prin-
cipal and teacher interviews.






CHAPTER TWO
Methods and Review of Best Practices

In this chapter, we provide details on the study methods, including data collection and analy-
sis. We then review the literature on best practices for standards-based mathematics programs
and effective standards implementation. We discuss findings from interviews with three LEAs
that serve as best-case examples for comparing DoDEA efforts in implementing the CCR
standards, which we incorporate into our notion of best practices. Finally, we summarize the
key indicators for judging the quality of DoDEA’s current mathematics program and assessing
DoDEA’s effort as it strives to implement the CCR standards.

Methods

Qualitative Approach

We chose a primarily qualitative case-study approach for this project. The phenomena we were
studying were complex, unfolding in real time, and involved a wide range of stakeholders
across the DoDEA system. Specifically, the study was concerned with examining how vari-
ous educational stakeholders in the system were implementing the 2009 DoDEA mathemat-
ics standards and the steps they were taking to align their mathematics program with the
CCR standards. Measuring implementation requires paying attention to details and account-
ing for what happens as individuals throughout the system act on the design of the program.
Researchers have found that the best way to gather relevant information in contexts such as
this is to perform in-depth case studies, which combine school and classroom observations
with face-to-face interviews with individuals across the system who are involved directly in the
implementation process, from district administrators and staff to principals to teachers. We
visited a substantial number of DoDEA districts and schools, but it was not feasible to visit
them all (see the next section). Because of this limitation, and based on a request from one of
the teacher unions, we added to an online teacher survey to provide teachers with the oppor-
tunity to share their experiences with the mathematics program and the preparation they had

for adopting the CCR standards.

Sampling of DoDEA Stakeholders

Since it was not feasible to visit all DoDEA schools or interview all administrators and teach-
ers, we used a two-stage sampling process to obtain as representative a group of respondents as
possible. In the first stage of sampling, DoDEA identified three districts in each of DoDEA’s
three geographical areas—the Americas, Europe, and the Pacific—and selected two or three
schools in each of these nine districts (see Appendix A for a list of the schools visited). Schools
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were selected to vary in terms of school size, grade span, and geographic location. The first-
stage sample included a mixture of primary schools, elementary schools, middle/intermediate
schools, and high schools. We conducted case studies, including interviews and observations
in these 25 schools. Overall, the demographic characteristics of the 25 schools that were vis-
ited for this study are similar to those of the rest of the DoDEA schools (see Appendix B for a
detailed breakdown of school characteristics). At all educational levels, the schools had an even
breakdown of males and females, with slightly higher percentages of males than females. In
terms of race and ethnicity, there were almost as many white students as students from other
ethnic backgrounds. The major difference between our sample and the rest of the DoDEA
schools was the percentage of English learners (ELs). At the elementary and middle school
levels, DoDEA schools that were visited had higher percentages of ELs than the rest of the
DoDEA schools. This difference could be the result of selecting Puerto Rico as one of the dis-
tricts, since it has an unusually high percentage of ELs. Mathematics proficiency levels were
also similar to those of the rest of DoDEA schools.

In the second stage of sampling, for these nine districts and 25 schools, we obtained con-
tact information for the district superintendent, the principal in each school, and the math-
ematics Instructional Support Specialist (ISS); we also obtained lists of all teachers who taught
mathematics. We asked the district superintendent to notify the principals about the study,
then we contacted the principals to identify specific teachers for participation and to arrange
site visits. We asked the principal to identify teachers who were most familiar with the math-
ematics program in the school and who would be able to provide information on implementa-
tion issues that they and their peers face. These teachers, considered “leaders” by their prin-
cipals, were our first candidates for interviews. We also randomly selected two teachers as
candidates for observations, attempting to obtain as much variation as possible across grade
levels and subjects. To reduce burden on teachers and to capture as much variation in teacher
experience as possible, we tried not to interview and observe the same teachers. We contacted
each teacher directly and invited him or her to participate in the study, indicating that partici-
pation was voluntary. If a teacher declined to participate, we replaced him or her with another
teacher from the school. In some cases, we were not able to find four teachers to participate,
so we asked volunteers to participate in both the observation and interview. In some cases, we
could not conduct all the planned interviews or observations (e.g., absences, field trips, small
schools). We also asked to interview the mathematics ISS if that person was available at the
school.

In addition, we conducted telephone focus groups with superintendents, principals, and
mathematics ISSs from the remaining five DoDEA districts that we did not visit. All superin-
tendents and ISSs from these five districts were invited to participate in separate focus-group
conference calls, and we talked with those who opted to participate. A sample of five principals
from the five districts was selected randomly; we invited them to participate in a focus-group
telephone call, and we spoke with those who agreed to be involved. We also interviewed direc-
tors or deputy directors of DoDEA area offices.

Finally, at DoDEA’s request, we developed an online survey that teachers could com-
plete anonymously. This allowed us to gather additional data from greater numbers of teachers
within the DoDEA system. DoDEA sent the link to the online survey to mathematics teachers
by electronic mail, and teachers decided on their own whether to complete the survey. A total
of 699 teachers completed the online survey—54 percent were elementary school teachers, and
46 percent were secondary school teachers. Fifty-one percent of the respondents were teachers
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located in Europe, 32 percent were located in the Americas, and 17 percent were located in the
Pacific. This represents about 8 percent of all DoDEA teachers; because we did not have a full
count of mathematic teachers, we were unable to determine what percentage of mathematics
teachers the total completions constituted.

Table 2.1 shows the total number of interview participants by stakeholder group for vis-
ited and nonvisited districts.

Data Collection

We collected the following data between February 2015 and April 2015.

Site Visits (Including Interviews, Observations, and Lesson Artifacts)
We visited nine districts and 25 schools in the Americas, Europe, and the Pacific. The schools
were selected by DoDEA to represent a variety of geographic locations, student population
demographics, school levels, and proximity to district offices. The objectives of these visits
were to capture varying experiences in implementing the mathematics program and to obtain
a wide range of perspectives about DoDEA’s unfolding efforts to implement the CCR stan-
dards. Teams of two RAND researchers spent one day at each school. During each visit, we
met individually with the school principal and two mathematics teachers or instructional lead-
ers identified by the school principal, and we observed two mathematics lessons. In some cases,
we also interviewed the district superintendent and the district mathematics ISS during this
visit, if scheduling permitted. Otherwise, we conducted phone interviews with these individu-
als after we completed the site visit.

We developed a set of interview protocols to gather information about the eight key
mathematics program features identified by DoDEA: (1) curriculum resources, (2) curriculum

Table 2.1
Number of Interviewees, by Stakeholder Group
Source Group Participants
Visited DoDEA districts (9) Superintendents 8
ISSs 12
Principals 25
Teachers 48
Classroom observations 47
Non-visited DoDEA districts (5) Superintendents 4 (two focus groups)
ISSs 5 (2 focus groups)
State officials 5
Principals 2 (1 focus group)
DoDEA area office Director and deputy directors 4

Online survey (DoDEA) Mathematics teachers 699
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and instructional quality, (3) equity and diversity, (4) teacher content knowledge, (5) classroom
assessment, (6) instructional leadership, (7) PD in mathematics, and (8) STEM opportuni-
ties. To cover these topics, but also allow for new features to emerge, we used semistructured
interviews that included open-ended questions with supplemental probes to examine specific
topics. The protocols were common across the sites but differed slightly for each type of inter-
viewee—principals, teachers, ISSs, and superintendents. For example, we asked teachers about
instructional practices commonly used in their classrooms and the PD they received. On the
other hand, we asked superintendents for their broader perspective on DoDEA’s current move
toward implementing the CCR standards, curriculum resources, instructional quality, and
efforts to improve mathematics instruction.

We also conducted two classroom observations in each school and asked each teacher
to provide artifacts related to the lessons. Later in the day, we rated each lesson and each
set of artifacts using a rubric developed with feedback from DoDEA. The rubric covered
11 dimensions of quality mathematics instruction, including (1) clarity of lesson objectives,
(2) lesson structure and coherence, (3) student explanations, (4) connections between math-
ematics concepts, (5) connections between different disciplines, (6) cognitive challenge,
(7) modeling with mathematics, (8) responsiveness to diverse student needs, (9) appropriate use
of tools, (10) student engagement with mathematical content, and (11) formative assessment.
For each dimension, we defined what is considered low-, middle-, and high-level implementa-
tion (see Appendix C for a copy of the rubric). The rubric allowed us to identify instructional
strengths and areas in need of improvement that DoDEA might want to address as it moves
toward implementing new standards.

In addition, in each class we observed, we collected lesson materials and student work to
help analyze the quality of the mathematics program. These artifacts included lesson plans and
prepared slides (for the day observed and one additional day during the same unit), a recently
administered homework assignment with student work and answer key or scoring rubric, and
a formal classroom-assessment task with student work and answer key or scoring rubric. The
availability of the artifacts varied across sites and among teachers. We were unable to obtain
the full list of classroom artifacts from every teacher we observed.

During each classroom observation, two RAND researchers took detailed handwritten
notes guided by the rubric dimension. After each observation, RAND researchers discussed
the notes and rated each dimension on a scale that ranged from one (low) to three (high).
Observers also recorded written justifications for each rating, which permitted subsequent
data cleaning to improve consistency across raters (see Appendix D for a summary of observa-
tion ratings). RAND researchers implemented a similar process for the review of the artifacts.
For each teacher, the artifacts were analyzed and rated using the rubric dimensions and cor-
responding definitions, with a detailed justification regarding the rating (see Appendix D for a
summary of the artifact ratinggs).

Telephone Interviews with Area-Level Staff, Districts, and Schools Not Visited

For the remaining five districts that were not visited, we conducted two telephone focus-group
interviews with superintendents, two telephone focus groups with mathematics ISSs, and one
telephone focus group with principals. In addition, we conducted individual telephone inter-
views with area-level directors; deputy directors of curriculum, instruction, and assessment;
and area-level mathematics 1SSs. We used abbreviated versions of the corresponding site-
visit interview protocols during these focus groups. The focus groups elicited information on
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DoDEA’s efforts to implement the CCR standards, curriculum resources, instructional quality
and efforts to improve mathematics instruction, the causes of student success in mathematics,
and the gaps in mathematics teaching and learning,.

Anonymous Online Teacher Survey

Prompted by a request from one of DoDEA’s teacher unions, we also developed a short online
survey to ensure that all mathematics teachers in DoDEA had the opportunity to provide
general information about the mathematics program. To reduce the burden, we focused the
survey on a subset of topics from the interviews, and, to ensure anonymity, we made participa-
tion voluntary.

Some of the online survey questions were modified from existing RAND online survey
tools, such as the American Teacher Panel (RAND Education, undated). The survey asked
teachers about their familiarity with the CCR standards, the instructional practices they gen-
erally emphasized during classroom instructions, and the frequency of use of various strategies.
The survey also asked about the PD teachers received related to mathematics and their needs
for training. The survey concluded with an open-ended question about teachers’ perceived
strengths and weaknesses of the mathematics program; 375 teachers provided open-ended
comments. (See Appendix F for a tabulation of survey results.) Because the response rate for
the survey was relatively low, we placed less emphasis on reporting findings from the survey
than on those from the interviews and observations when examining the quality of instruc-
tional practices.

Exemplary LEA Interviews

At the beginning of the study, we interviewed administrators in three LEAs—Cambridge
Public Schools, Oceanside Unified School District, and East Lansing Public Schools—drawn
from a list of five districts recommended by DoDEA. We selected the first three districts that
agreed to participate in the study. DoDEA considered these LEAs exemplary because of the
quality of their mathematics programs and strength of their graduation standards. Some also
serve a large number of military-connected students, and thus have experience with the chal-
lenges that face this student population. We interviewed associate superintendents or directors
of curriculum and instruction, who are leading the CCSS implementation, to gain compara-
tive perspective that would inform best practices. In the interviews, we asked questions about
districts’ efforts to implement the CCSS in mathematics, the challenges they faced and how
they were able to overcome them, and the lessons learned that could inform DoDEA’s efforts.
Their experiences helped us formulate our best-practice standards.

Data Analysis

We analyzed the interview notes and the observation and artifact ratings to examine the qual-
ity of the current mathematics program in each of the eight key areas. We also incorporated
results from the online teacher survey where relevant.

To do this, we created specific indicators from the literature (see “Literature Review”)
and findings from the LEA interviews (see “Local Education Agencies’ Lessons Learned”). We
then identified practices from the DoDEA interviews, as well as classroom observation and
artifact ratings, and organized the identified practices within each of the eight key areas being
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evaluated across each site (district and corresponding schools visited). For each site, we then
compared the practices in each of the eight key areas with the best-practice indicators in math-
ematics we derived from the literature and the LEA lessons learned. The interview data were
then analyzed for cross-site patterns to address common themes and lessons learned. When
discussing interview results, we use the term zosz to indicate that more than 50 percent of the
respondents who were asked the question had comparable responses or views. Similarly, the
term some represents 20 to 50 percent of respondents having similar views, and the term few
reflects less than 20 percent of respondents.

Variation among the sites provided us with the means to draw interesting contrasts that
could help educators and policymakers understand how contextual differences might affect the
implementation of a high-quality mathematics program.

We tabulated teacher survey responses by region and school level to examine any differ-
ences in practices. As indicated earlier, survey data were not used as a primary source for exam-
ining quality because we do not know the representativeness of the survey respondents, but,
when applicable, we highlighted differences in teacher survey reports; face-to-face interviews;
classroom observations, especially in the areas of curriculum and instructional quality; and
classroom assessments. We also used teacher surveys to complement findings from DoDEA
stakeholder interviews (e.g., superintendents, principals, teachers) regarding teachers’ needs for
and receipt of PD. We also analyzed the major themes that appeared in the open-ended survey
responses and incorporated these into our findings.

Study Limitations

The study collected information from all DoDEA districts and conducted in-depth examina-
tion of 25 of its 181 schools. The school sample appears to be diverse and representative, includ-
ing schools from nine districts in all three DoDEA areas and including primary, elementary,
middle, and high schools. While the schools did not appear to us to be atypical in any way, the
case-study findings reflect this specific set of schools. We identified and interviewed school per-
sonnel (e.g., math instructional leaders, local math support specialists) who are knowledgeable
of how the math program is implemented at their schools. In addition, we randomly selected
teachers within these 25 schools for classroom observations. Although much of the qualitative
study data were self-reported by teachers, we tried to enhance the validity of our findings by
observing teacher behavior in classrooms and by collecting and analyzing instructional arti-
facts. Obtaining data on quality from multiple sources is a method commonly used to obtain
reliable measures of complex constructs. We visited each school for one day, and it is possible
schools made special preparations, so we might not have seen typical practice. Furthermore,
the day we observed classes and interviewed teachers might not be typical of the full year. Nev-
ertheless, the fact that common themes regarding practices emerged from various data sources
and across sites (both from sites that we visited at different times and from our phone inter-
views with districts that were not visited) increases our confidence in the results. Finally, while
all teachers were offered the opportunity to complete the online survey, only a small percentage
of all teachers participated. Thus, while the online survey results were informative, they are not
representative of DoDEA mathematics teachers and should be interpreted with care.
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Literature Review

Several literatures were found to be relevant to this study: literature in the field of mathemat-
ics education, including work by Deborah Ball and Marilyn Burns; literature on effective
school leadership and standards implementation; and literature specific to the implementation
of the CCSS. We developed best-practice indicators for each dimension of interest through our
review of these literatures.

Curriculum Resources

The availability of standards-aligned instructional materials is critical to the success of
standards-based education (Krajcik, McNeill, and Reiser, 2008; Hamilton, Stecher, and Yuan,
2008; Knapp, 1997). Some research has noted that district and school implementation of
standards-based instruction can be seriously compromised if standards-aligned curriculum
resources are not readily available (Kendall, 2011). On the other hand, curricular resources
in and of themselves have been shown to have limited influence on teachers’ instructional
practices (Fullan, 1991; Ball and Cohen, 1996; Coburn, 2001). This occurs in large part
because of the wide variation in how teachers choose to use these resources and because of
differences between what is referred to as the intended curriculum and the enacted curriculum
(i.e., how teachers implement curricular resources in practice) (Charalambous, 2010; Stein,
Grover, and Henningsen, 1996). In fact, the implementation of a curriculum has been shown
to be an important factor in student achievement (Schoen et al., 2003), while fidelity of imple-
mentation of standards-based curriculum is equally critical to developing mathematical profi-
ciency and increasing student achievement (Boston and Smith, 2009; Balfanz, Mac Iver, and
Byrnes, 2006). High-quality curriculum resources can provide “probabilistic opportunities to
influence student thinking” (Charalambous, 2010, p. 249), but providing teachers with sup-
port and guidance on how to implement those materials in classrooms to support standards-
aligned instruction is a critical step in ensuring that the curriculum resources are used to reach
productive instructional ends (Davis and Krajcik, 2005; Confrey and Krupa, 2010; Stein and
Kaufman, 2010). These supports can include ongoing PD (Balfanz, Mac Iver, and Byrnes,
2006), as well as curriculum frameworks that encourage educators to identify, develop, and
try out standards-aligned materials and evaluate their alignment with standards (Achieve and
Education First, 2012).

Curriculum and Instructional Quality

Historically, standards-based educational reform in the United States has resulted in the cre-
ation of documents that contain a large number of tightly prescriptive standards (Kendall,
2011; Alberti, 2013; Schmidt, Wang, and McKnight, 2005). Accordingly, curricula in U.S.
schools have traditionally been described as “a mile wide and an inch deep” (Schmidt, McK-
night, and Raizen, 1997) and in which students are exposed to many topics but spend little
time immersed in any particular mathematical idea or concept (Alberti, 2013). However, inter-
national comparative research has shown that countries with strong mathematics education
programs tended to use curricula that share three key features: (1) focus (a small number of
topics are covered in great depth), (2) coberence (major mathematical topics are linked within
and across grades), and (3) rigor (conceptual understanding and procedure are given equal
attention) (Schmidt, Wang, and McKnight, 2005; Schmidt, McKnight, and Houang, 2001;
Schmidt and Houang, 2012). The National Council of Teachers of Mathematics (NCTM)



12  Mathematics Audit of the DoDEA Schools: 2014-2015

has also noted that these particular features are central to framing discussions about standards
and building a high-quality curricula (NCTM, 2000), and next-generation mathematics stan-
dards, such as the CCSS for mathematics, have been designed with these principles in mind
(Achieve and Education First, 2012; Alberti, 2013).

There is a large body of scholarly work that defines mathematical proficiency
and illuminates the aspects of teaching and learning that promote the development
of this proficiency (Kilpatrick, Swafford, and Findell, 2001; Hiebert, 2003). NCTM
and the National Research Council synthesized this work over the years and used it
as the basis for developing the standards for mathematical practice that are a compo-
nent of the CCSS (Common Core State Standards Initiative, undated [b]). First, high-
quality instruction promotes fluency with procedures (National Research Council, 2001) and
involves the flexibility and accuracy with which students can apply mathematical knowledge
and routines to solve problems (Star, 2005). Procedural fluency can be supported instruction-
ally by modeling specific strategies to solve mathematical practice, providing adequate oppor-
tunities for practice, and giving students feedback (Miller and Hudson, 2007; NCTM, 2000,
2006; National Research Council, 2001). Second, high-quality instruction attends to concep-
tual understanding and the development of mathematical concepts. Conceptual understanding
is central to mathematical proficiency (National Research Council, 2001), and it is particularly
important in providing students with instructional opportunities that develop their concep-
tual understanding of the big mathematical ideas within the kindergarten through 12th-grade
(K-12) curriculum (Bransford, Brown, and Cocking, 1999; NCTM, 2000; National Research
Council, 2001). Scholars have defined conceptual understanding as a function of the strength
of the relationships between ideas (Hiebert, 2013; Goldman and Hasselbring, 1997; NCTM,
2000). Building conceptual understanding facilitates the development of a knowledge net-
work in which ideas are strongly linked to one another. High-quality instruction encourages
students to develop this knowledge network by making connections to prior learning and big
ideas across grades and subjects. This includes connections between previously learned math-
ematics (Bulgren et al., 1995; Miller and Hudson, 2007; NCTM, 2000, 2006), as well as
opportunities for students to apply existing knowledge to novel contexts (Goldman and Has-
selbring, 1997; Miller and Hudson, 2007; NCTM, 2000, 2000).

Conceptual understanding can be supported instructionally by using problem-based
instruction (Lampert, 1990; Hiebert and Wearne, 1993; Lappan and Phillips, 1998; NCTM,
2000, 2006; National Research Council, 2001; Stein, Boaler, and Silver, 2003) that incor-
porates manipulatives or other tools that facilitate exploration of mathematical ideas (Shaw,
2002; Miller and Hudson, 2007).

It is also critical that students be provided opportunities to engage in cognitively
demanding mathematical tasks (Stein, Grover, and Henningsen, 1996; Doyle, 1983;
Charalambous, 2010; Boston and Smith, 2009) in order to facilitate conceptual understanding
(Charalambous, 2010; Boaler, 2002; Boaler and Staples, 2008). Cognitively demanding tasks
are distinguished by several features. They can be solved and represented in multiple ways,
including symbolically and with manipulatives. Conceptual understanding is enriched by
making connections among these various representations (Boston and Smith, 2009). Cog-
nitively demanding tasks encourage students to make sense of what is being asked by requir-
ing complex and nonalgorithmic thinking (Boston and Smith, 2009). This is often achieved
by encouraging students to apply mathematics to model real-world phenomena. Cognitively
demanding tasks also encourage students to explain their own thinking, make viable argu-
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ments, and critique the reasoning of others (Common Core State Standards Initiative, undated

[b]; NCTM, 2000, 20006).

Equity and Diversity

Access to a common curriculum has long been central to equalizing educational opportunities;
while this goal has been elusive in the past (Coleman, 1968; Murphy, 1988), policymakers and
U.S. courts have strived to make this a reality. Currently, the goal of a successful CCSS imple-
mentation supports the achievement of a curriculum-based focus on education equity and con-
sistent expectations across the nation (Equity Assistance Centers, 2013; Common Core State
Standards Initiative, undated [a]). Rigorous standards alone, however, do not address the issue
of the achievement gap, which is defined as the difference in academic performance between
groups of students (U.S. Department of Education, undated). Education equity in the context
of CCSS implementation, therefore, requires a standard way to measure all student groups on
achievement indicators to track performance and supports for all students in order to facilitate
their learning (Equity Assistance Centers, 2013). It is clear that comparable positive outcomes
for all students can be achieved only through monitoring the progress of all students in the
classrooms, schools, districts, and states. This can be measured with disaggregated test scores,
attendance data, promotion and graduation rates, and all other relevant outcomes (Equity
Assistance Centers, 2013).

Maintaining the inclusion of all students in the CCSS curriculum is vital to reaching the
goal of education equity, but this can be achieved only through equitable access to education
services for all students that, at the same time, recognizes the need for differentiated instruc-
tion when necessary and provides available systems and interventions to meet individual stu-
dents’ needs (Hakuta and Santos, 2012, p. 2; Equity Assistance Centers, 2013; Moschkovich,
2012; Walqui and Heritage, 2012; Powell, Fuchs, and Fuchs, 2013; Common Core State Stan-
dards Initiative, undated [a]; O’'Day and Smith, 1993).

For example, although the Individuals with Disabilities Education Act (Pub. L. 101-476,
1990) requires that students with special needs be educated in the “least restrictive environ-
ment” and that high-needs populations be taught alongside all other students, O’Day and
Smith, 1993, argue that schools may require different instructional, curriculum, or personnel
resources to educate all students well. Similarly, Hakuta and Santos, 2012, suggest that ELs
“have a right to appropriate education that is grounded in sound theory and implemented in
ways that address their needs systematically, through coordinated support linking teachers,
materials, formative assessments, tests and accountability systems, and technology” (Hakuta
and Santos, 2012, p. ii). Moreover, because the CCSS do not define advanced work and post—
high school standards, it can fall short in meeting the specific needs of advanced and gifted
learners (Common Core State Standards Initiative, undated [a]). Schools may need to create
additional supports for advanced learners through differentiated curriculum and instruction.

Teacher Content Knowledge

There is considerable research demonstrating that effective teaching requires rich mathemati-
cal understanding (NCTM, 2000; Wu, 2011). Much of this research focuses on what has been
called Mathematical Knowledge for Teaching (MKT), a concept that was developed by Ball
and colleagues to describe the specialized content knowledge needed for teaching mathematics
(Ball, Hill, and Bass, 2005; Ball, Thames, and Phelps, 2008; Hill, Ball, and Schilling, 2008).
MKT consists of
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e common content knowledge (i.e., knowledge of commonly used mathematical concepts
and procedures)

* specialized content knowledge (i.e., knowledge of why procedures work and knowledge of
which particular representations are most helpful for student sense-making)

* knowledge of content and students (which exists at the intersection of knowledge of
mathematical content and knowledge of how students learn)

* knowledge of teaching (which exists at the intersection of content and pedagogy).

Studies have shown that higher MKT is positively correlated with a teacher’s ability to
select and enact mathematically rich tasks in elementary school classrooms (Charalambous,
2010), higher quality of instructional practices (Hill, Kapitula, and Umland, 2011), and stu-
dent achievement in mathematics (Hill, Rowan, and Ball, 2005).

Classroom Assessment

Assessment is a critical feature of teaching and learning. High-quality, thoughtful, and thor-
ough assessment programs contain not only summative assessments, which are intended
to measure progress or learning, but also formative assessments, which can provide criti-
cal insights into how students think and allow teachers to adjust instruction accordingly
(Darling-Hammond et al., 2013; Black and Wiliam, 1998; Brookhart, 2011).

Formative assessment is sometimes referred to as assessment for learning (Brookhart,
2011) because it is concerned with using information about the quality of student responses to
improve student competence (Sadler, 1989). Because high-quality teaching generally involves
an iterative process of teaching, checking for understanding, and reteaching as necessary,
some researchers have noted that high-quality formative assessment is deeply embedded in
high-quality instruction (Wiggins, 1998). An integral part of formative assessment involves
using student work to inform next steps in teaching and learning, and accomplished math-
ematics teachers use a variety of ongoing assessment strategies (both formal and informal) to
diagnose learning and plan instruction (Hattie and Timperley, 2007; Brookhart, 2011). For-
mative assessments can include assessments of content knowledge, procedural fluency, and
students’ perceptions of mathematics as a discipline (Mclntosh, 1997). Strategies for forma-
tive assessment can include daily quizzes; student interviews; the use of student self-rating
scales; daily exit cards (written student responses to questions teachers pose at the end of a
class or lesson); and cognitively demanding performance tasks, such as those described above
(Mclntosh, 1997).

A summative assessment is defined as a “culminating assessment, which gives information
on a student’s mastery of content” (Association for Supervision and Curriculum Development
[ASCD], 1996, p. 60). In the context of standards-based education, it is critical to consider
the alignment between summative assessments and the standards they purport to measure
(Darling-Hammond et al., 2013; Porter et al., 2011). In other words, assessment items should
closely reflect the content and processes that are articulated in standards. In fact, the alignment
of standards and assessments was legislatively mandated by No Child Left Behind to satisty its
rigorous requirements for accountability (U.S. Department of Education, undated[b]; Polikoft,
Porter, and Smithson, 2011) and is a critical component for establishing the validity of infer-
ences about student mastery that can be made based on assessment performance (Kane, 2008).

The CCSS in mathematics include both the Standards for Mathematical Content, which
describe the knowledge and procedures that students should master, and the Standards for
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Mathematical Practice, which describe the mathematical behaviors and dispositions—such
as perseverance, abstract reasoning, modeling, argumentation, and reasoning—that students
should possess. The literature notes that a high-quality and valid summative assessment pro-
gram should give a balanced consideration to the assessment of the Standards for Mathemati-
cal Content and the Standards for Mathematical Practice (Kepner and Huinker, 2012; Krupa,
2011), meaning that assessment should contain a balance of tasks that appraise students’ con-
tent knowledge and the behaviors and types of expertise that constitute desired mathemati-
cal practices (Kepner and Huinker, 2012). Researchers have also warned that teachers often
focus on the material they know will be included in summative assessments (Wilson, 2007;
Krupa, 2011). Consequently, excluding the Standards for Mathematical Practice from sum-
mative assessments compromises the successful implementation of the CCSS (Krupa, 2011).

Beyond adequate alignment, researchers have recommended that summative assessments
be supported by technology and have multiple modes of content delivery (Krupa, 2011), as
traditional paper-and-pencil assessments will not be adequate to measure student mastery of
the CCSS (Lazer et al., 2010). Additionally, digital resources allow for a much wider range of
assessment formats and more-sophisticated item types. As such, technology permits flexible
and adaptive testing, which can reduce the assessment burden currently placed on students by
fixed-length traditional assessment (Lazer et al., 2010). Another benefit that researchers have
noted is that the use of computer and online assessments can reduce the amount of time that
educators must wait for achievement data (Tamayo, 2010).

Instructional Leadership

There is an abundance of literature on effective leadership in general and on how school leaders
can prepare their schools and teachers for shifts embodied in new standards, such as the CCSS
or the CCR standards (Achieve et al., 2013; Education First and Achieve, 2012; Aspen Insti-
tute Education and Society Program et al., 2013). A widely used framework from the general
literature on effective school leadership developed in Bossert et al., 1982—and more recently
updated by Leithwood et al., 2004—identifies three common practices that make up success-
ful leadership: (1) setting direction, (2) developing people, and (3) ensuring that organization
design facilitates the achievement of school vision. Recent research provides further empirical
support for this framework (e.g., Grissom, Loeb, and Master, 2013).

One of the main components of leadership’s direction setting is identifying and articulat-
ing a vision (Leithwood et al., 2004; Riddle, 2012; National Association of Elementary School
Principals [NAESP], 2012). Generally, this vision should be defined for curriculum, instruc-
tion, assessment, and intervention (Kanold and Larson, 2012; ASCD, 2012). The vision is a
unifying and focusing element that can increase teacher engagement and help to build staff
trust (Achieve et al., 2013; NAESP, 2012). The principal should also help subunits, such as
teacher teams, focus their work according to the vision and aid unit-by-unit planning. It is
also important to communicate the vision with families and community stakeholders (ASCD,
2012). Within the context of the CCR standards, the principal would need to clearly commu-
nicate the vision of the new standards adopted, how the vision differs from the old standards
so all parties involved (e.g., teachers, parents, students) understand the changes students will be
facing, the goals of the curriculum or standards, and what educational stakeholders’ roles are
both inside and outside of the classroom (Leithwood et al., 2004; Larson, 2011).

To aid in achieving a new school vision, such as the adoption of new standards, the school
leader should set clear and high expectations for the academic, social, emotional, and physi-
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cal development of all students (Achieve et al., 2013). In order to verify that these expecta-
tions are being met, the school leader will need to develop or alter means for measuring and
assessing progress (Achieve et al., 2013). The means may include the use of data to monitor
student, teacher, and school performance; observations that measure students’ engagement in
instruction; and tracking teacher progress toward implementing the new vision for standards,
curriculum, and instruction, including collecting teacher feedback (Kanold and Larson, 2012;
Achieve et al., 2013; Leithwood et al., 2004).

It is necessary for leadership to build capacity among teachers and staff in order to work
toward the goals and expectations determined in direction setting. The school leader is respon-
sible for providing an effective approach to PD that includes learning opportunities for the
staff, fosters intellectual stimulation, and offers individualized support (Leithwood et al.,
2004). Within the context of the CCR standards, a commonly recommended model is to
establish a leadership team for implementation comprising teacher and administrator leaders
from diverse groups (Achieve et al., 2013; Riddle, 2012; ASCD, 2012; Leithwood et al., 2004).
This leadership team is responsible for taking charge of CCSS knowledge, aiding in the devel-
opment of an implementation plan, and helping to identify areas for growth. This group of
experts in the building can also facilitate the induction of new teachers, as well as mentoring
and coaching of all teachers. In many cases, the aforementioned leadership team can assist in
targeting the areas that need the most attention (Leithwood et al., 2004). The principal can
then set short- and long-term plans for continuous, connected, ongoing, and job-embedded
PD. While the focus of PD may vary depending on school needs, most of the literature recom-
mends incorporating PD that focuses on deeper knowledge of standards, curriculum changes,
and instructional practices (Achieve et al., 2013; NAESP, 2012; Larson, 2011; Education First
and Achieve, 2012).

Ensuring alignment between organizational cultures and structures and school vision
can also facilitate progress toward school goals. Major school initiatives may require changing
school cultures, modifying organizational structures, or building new collaborative processes
(Leithwood et al., 2004). With regard to the implementation of the CCSS, Achieve et al.,
2013, recommends creating a culture of continuous learning and collaboration among teachers
that is tied to student learning and other school goals. Sufficient time should be provided for
teacher collaboration in professional learning communities, which are best organized by grade
level where possible (Larson, 2011; Kanold and Larson, 2012). School leaders may also adapt
hiring and induction processes to ensure that new staff deliver standards-aligned instruction
with fidelity (Riddle, 2012; Leithwood et al., 2004). For mathematics, in particular, principals
could also make assignment decisions based on CCSS-related qualifications and demonstra-
tions of teacher effectiveness in teaching math (Larson, 2011).

Administrator and Teacher Professional Development

For many teachers, successful implementation of the CCSS will require changes to their
instructional practice (Wu, 2011; Ball and Forzani, 2011). However, research has shown that
teachers are resistant to change (Goldenberg and Gallimore, 1991) and that it is difficult to
deliver effective PD that changes instructional practices (TNTP, 2015). Nevertheless, the liter-
ature highlights the characteristics of promising PD. For example, Correnti and Rowan, 2007,
compares three different instructional programs and reports the authors’ finding that only
programs that offered strong support by on-site facilitators and local leaders facilitated changes
in instructional practice. Other research found that teachers were more likely to change their
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instructional practice when participating in PD programs that offered ongoing on-site support
and teacher networks that could work collaboratively within and across schools and districts
(Corcoran, McVay, and Riordan, 2003). This is consistent with a larger body of scholarly
work suggesting that effective PD is sustained and intensive (Marrongelle, Sztajn, and Smith,
2013; Loveless, 2013) and involves collective participation and group work (Desimone, 2009;
Elmore, 2002; Guskey and Yoon, 2009; Wei et al., 2009; Elliott et al., 2009).

There is some consensus that PD must involve active learning in order to be effective
(Correnti, 2007; Correnti and Rowan, 2007; Garet et al., 2001; Supovitz and Turner, 2000).
Active learning (Garet et al., 2001) can include such activities as opportunities to observe
master teachers, curriculum mapping, and lesson planning. Active learning can also include
opportunities to engage directly in the analysis of student work (Darling-Hammond, 1997)
and opportunities to engage in mathematical problem-solving (Borko, 2004).

Additionally, effective PD is integrated into daily activities and is focused on spe-
cific curricular content (Correnti, 2007; Correnti and Rowan, 2007; Garet et al., 2001;
Supovitz and Turner, 2000). A focus on content is critical because the CCSS require more-
sophisticated mathematical content knowledge to support student work and to help students
develop mathematical proficiency (Wu, 2011; Ball and Forzani, 2011). Studies of cognitively
guided instruction (Carpenter et al., 1989), the problem-centered mathematics project (Cobb
et al., 1991), and the educational leaders in mathematics project (Simon and Schifter, 1991)
all demonstrated that PD programs that were content focused could have positive impacts on
instructional practice and student achievement by improving teachers’ understanding of math-
ematics and student mathematical thinking,.

CCSS authors stress that PD should not only focus on building teachers’ capacity to
implement the content standards but also include careful attention to the practice standards
(“Gearing Up for the Common Core State Standards in Mathematics: Five Initial Domains
for Professional Development in Grades K-8,” 2011). Additionally, because the CCSS require
more-sophisticated knowledge and many teachers report being unprepared to implement the
standards successfully (Walters et al., 2014), several advocacy groups (such as Student Achieve-
ment Partners) have recommended that initial PD programs focus on building an understand-
ing of the features of the CCSS that are different from those of existing standards frameworks.
In mathematics, these “shifts” entail (1) greater focus on fewer topics, (2) linking topics and
thinking across grades, and (3) rigorous pursuit of conceptual understanding (e.g., Alberti,
2013).

Features of effective PD for school leaders largely overlap with the features of high-quality
teacher PD previously cited, including (1) integration into daily activities, (2) ongoing and
sustained participation, and (3) opportunities for collaboration (Goldring, Preston, and Huff,
2012; Lawrence et al., 2008; Evans and Mohr, 1999; National Staff Development Council,
2000). School leaders also have some responsibilities that are specific to their role, and these
responsibilities create unique PD needs. Several scholars point to the importance of providing
PD opportunities that are differentiated based on leadership experience (Kelley and Peterson,
2002; Peterson, 2002; Goldring, Preston, and Huff, 2012). Additionally, Goldring, Preston,
and Huff, 2012, notes that, unlike teachers, school leaders are often isolated in their buildings.
Because of this, opportunities for networking and professional support are particularly impor-
tant for reflecting on and improving practice.
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Access to STEM Enrichment

STEM skills are becoming increasingly essential for participation in the globalized economy.
School settings provide time for STEM learning, but offering additional STEM opportuni-
ties outside the classroom through expanded and extended programs is viewed by many edu-
cators as important to increase student access to and engagement in STEM (Barron, Wise,
and Martin, 2012; Khisty and Willey, 2012; Krishnamurthi, Ottinger, and Topol, undated;
Cullum et al., 2008; Hynes and Dos Santos, 2007). Research suggests that STEM learning
opportunities can be enhanced through integrative approaches within classrooms, extended
programs, or expanded programs (Sanders, 2009, p. 21; Bevan and Michalchik, 2013). Integra-
tive approaches are defined as “approaches that explore teaching and learning between/among
any two or more of the STEM subject areas, or between a STEM subject and one or more
other school subjects” (Sanders, 2009, p. 21). Extended and expanded programs should both be
considered as viable additions to a regular curriculum; however, both would be provided after
regular school hours. Extended programs align more closely with the school curriculum, while
expanded programs address subject matter and practices that are not included in the grade-
level curriculum (Bevan and Michalchik, 2013).

Regardless of which STEM approach is adopted, providing consistent and ongoing pro-
gramming that extends across grade levels and making it available to all students can increase
student interest in STEM and improve STEM-related skills (Krishnamurthi, Ottinger, and
Topol, undated; Bevan and Michalchik, 2013). STEM learning programs that focus on offer-
ing hands-on experiences not only encourage children to become engaged in these topics,
but also help them to build real-life skills (Cole, 2011; Krishnamurthi, Ottinger, and Topol,
undated; Afterschool Alliance, 2013). Partnerships with STEM professionals and STEM-
rich institutions can also support the development of quality and robust STEM learning
programs (Eccles, 1994; Halpern et al., 2007; Liston, Peterson, and Ragan, 2007; Koch et
al., 2010; Afterschool Alliance, 2013). Having STEM professionals serve as role models can
have positive influences on students, enhance their perceptions of STEM careers, and boost
their confidence in studying such subjects. This is more likely to be the case if STEM pro-
fessionals engage directly with students, demonstrating what they do and connecting their
skills to real-life situations, rather than simply giving overviews of their jobs in conversa-
tions with students (Cole, 2011; Afterschool Alliance, 2013). The possibilities for hands-on
opportunities with STEM professionals and STEM-rich institutions can, of course, vary
greatly. They can range from going to science centers, where students have access to tools
and instruments intended for hands-on learning, to helping university graduate students with
research experiments.

In addition to the literature summary presented, we interviewed three LEAs about their
experiences in adopting and implementing the CCSS in mathematics to inform the best prac-
tices we delineated. The section below presents findings from the LEA interviews.

Local Education Agencies’ Lessons Learned

We contacted exemplary LEAs to obtain a richer, more-specific understanding of their prac-
tices in the context of the CCSS in mathematics. The research points to the importance of
offering PD that involves teachers in active learning, encourages collective participation, and
focuses on content of standards. The LEAs involved teachers and coaches along with district
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staff early in the process to prepare them for the new standards. Specifically, at the elemen-
tary, middle, and high-school levels, teacher work groups were formed. Some LEAs involved
all their teachers in the work groups, while others involved representatives from each school or
grade level. The work groups met during the summer prior to the first year of implementation.
They were asked to review the mathematics program they were implementing and the new
standards, to identify which aspects of the program were aligned with the new standards, and
to eliminate topics that were not grade or standard relevant. The work groups also researched
teaching techniques. One of the goals of the work groups was for teachers themselves to narrow
the standards they would emphasize and explore them in greater depth. LEAs indicated that
this approach served as an intensive PD and set expectations for future practice. The work
groups reviewed and discussed the new standards and, in the process, gained in-depth under-
standing of the standards’ content and the practices required to address the standards in the
classroom. Further, this approach increased teacher buy-in and promoted a sense of ownership
of the reform early on.

The literature also highlights the importance of providing teachers with curriculum
resources to support standards-aligned instruction, and the LEAs emphasized this point. The
LEAs recognized the need for making such resources available, and they engaged teachers
in creating them. Teachers who were identified as leaders or who volunteered to be involved
worked with coaches to develop curriculum aligned with the standards. The teachers and the
coaches took existing pacing guides, aligned them to the new standards, and communicated to
the rest of the teachers the kinds of changes they needed to make, without dictating specifically
how each unit or lesson should be taught.

The LEAs also emphasized the need to provide ongoing support to teachers to facilitate
implementation over time, but they noted the challenges of providing such support, particu-
larly the challenges associated with time and resources. The support provided by the LEAs
varied and included embedded professional learning days, online videos and courses on the
application of standards for mathematical practices in real settings, and opportunities for
teachers to observe “exemplary classroom instruction” and engage in classroom walk-throughs.
Embedded PD included teachers getting together to analyze student data and then collabora-
tively design lessons based on data they analyzed, followed by having one teacher model the
lesson in a classroom while others observed and later discussed what they observed. One of the
LEAs indicated the need to build professional learning communities among teachers to sustain
continued teacher development.

Indicators of Best Practices

In evaluating DoDEA’s mathematics program, we derive best practices from the literature
review and LEA interviews. Table 2.2 presents the practice indicators for each of the eight
programmatic areas under study. These practices are used to evaluate the quality of DoDEA’s
mathematics program.
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Table 2.2
Best-Practice Indicators

Mathematics Program Area

Indicator

Curriculum resources

Curriculum and instructional quality

Equity and diversity

Teacher content knowledge

Classroom assessment

Instructional leadership

Administrator and teacher PD

STEM opportunities

Align with mathematics standards
Support teacher standards—aligned instruction

Focus on fewer topics but in greater depth

Link major mathematics topics within and across grades

Pursue conceptual understanding and procedural skills with equal
intensity

Engage students in cognitively demanding tasks

Model with mathematics to solve problems in the real world

Use appropriate tools and manipulative aids

Encourage students to explain, make viable arguments, and critique
reasoning of others

Monitor the performance of all student groups on relevant outcomes
Have in place systems and interventions to meet needs of all students
Ensure equitable access to curriculum and promote student inclusion

Differentiate instruction during class to meet differing student needs

Ensure that teachers have an in-depth understanding of mathematics
and the mathematics standards

Offer a thoughtful and thorough formative assessment program
Align with standards

Place equal emphasis on content and practices

Support with technology

Have leaders set direction
Have leaders develop people
Have leaders ensure that organization design and vision are aligned

Be sustained and intensive

Be content focused

Involve active learning

Integrate into daily activities, with collective participation
Focus on CCR standards “shifts"”

Incorporate STEM professionals as role models

Partner with STEM-rich institutions

Have partners demonstrate and do, rather than talk and listen
Offer regular, consistent programming

Include cross-grade activities




CHAPTER THREE
Evaluation of the Current DoDEA Mathematics Program

In this chapter, we describe the practices implemented by DoDEA schools and teachers in each
of the eight key areas identified by DoDEA and discuss variations across sites where those were
noteworthy. For each of the areas, we also examine the extent to which the schools” practices

are aligned to the best practices highlighted in Chapter Two.

Curriculum Resources

We identified two key indicators of best practices with respect to curriculum resources:

* alignment with mathematics standards
* support for standards-aligned instruction.

For teachers to implement standards-based instruction, high-quality curriculum and
resources aligned with the standards need to be available. In addition, teachers should be pro-
vided with enough guidance on how to implement the materials to ensure that the resources
are used in an optimal way to support student learning.

At the time of our visits, DoDEA schools were implementing the mathematics standards
adopted in 2009. Schools were using mathematics textbooks that DoDEA recommended with
the 2009 standards. The textbooks included Everyday Mathematics for grades K-2, enVision
for grades 35, and Mathematics Connects for middle school grades. A variety of textbooks was
used for different courses (e.g., algebra, geometry) in high schools. The extent to which teachers
relied on those textbooks to teach the standards varied among teachers, grade levels, and sites.
In interviews, some teachers who reported the textbooks to be aligned with the mathematics
standards relied on the books, although they skipped chapters or units that did not address the
standards. Many teachers, however, indicated that the textbooks were not well aligned with
the mathematics standards. They talked about using other resources either as supplements or
as main curriculum materials. As one high school teacher put it,

We supplement all the time. I think, with mathematics, you need more than the textbook.
Sometimes mathematics textbooks are difficult to read and understand so that you supple-
ment by either PowerPoint or videos or someone going through examples with them. In my
class, I look for activities to do with students. Again, it is that balance. Can I find some-
thing that can teach them [a particular topic] and engage them? I use the textbook as a
reference.

21
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Different reasons were given for seeking outside resources. In most interviews, teachers
indicated that they sought additional resources to augment classroom and homework exercises
and assessments included in the textbooks. IXL, an online mathematics software program, was
frequently used with elementary and middle school students to practice mathematics skills.
A number of elementary schools whose continuous school improvement (CSI) goal focused
on problem-solving used Exemplar (a publisher of hands-on, standards-based assessment and
instructional material that focuses on authentic learning [an approach that encourage students
to learn through hands-on, collaborative projects that address problems relevant to their lives]
in the areas of math, science, and writing) supplemental materials. In these schools, principals
and teachers emphasized the CSI mathematics goal and reported integrating Exemplar into
their curriculum because it provides teachers and administrators with a way of assessing stu-
dents’ problem-solving and communication skills using real-world scenarios. Interviews also
revealed other, less frequently raised reasons for relying on additional resources. Some elemen-
tary school teachers reported that the textbooks provided by DoDEA either lacked emphasis
on developing students’ mathematical concepts or did not include materials and activities that
teachers could use to support struggling students and reteach them concepts they had not mas-
tered. Some middle school teachers incorporated additional resources, such as Khan Academy
videos, to help students who were not performing at grade level. At the high-school level, teach-
ers tended to use a compilation of external resources for instruction. This is especially the case
in flipped classrooms, in which the video lecture that students watched on their own time was
seen as the key ingredient rather than the textbooks. In Europe, a number of DoDEA teachers
created video lectures and shared them with their colleagues for use. Other videos were selected
from an online repository.

Interviews indicated that, overall, there was no defined process throughout the DoDEA
system to identify resources and examine their quality. Individual teachers tended to seek their
own resources when the need arose and then shared them with their peers. In a couple of dis-
tricts, the mathematics ISS reported creating a scope-and-sequence document that aligned the
concepts to be covered in the standards with the DoDEA textbooks and identified additional
relevant resources and activities. Some of the teachers interviewed in that district expressed the
value of having a scope-and-sequence document to link standards with a sequence of textbook-
based lessons and supplemental materials. One teacher noted,

The most basic structure is that [the ISS] sends out scope and sequence and collaborative
activities that you can use throughout the course. [The ISS] provides nice collaborative con-

structivist lessons and the support to do them. This is very helpful for teachers.

Some teachers also noted that the lack of a unified curriculum scope and sequence across
DoDEA districts has negative effects on mathematics education for military-connected
students who move between schools frequently.

Curriculum and Instructional Quality

Our literature review identified three indicators of a high-quality, standards-based curriculum:

* focus on fewer topics but in greater depth
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* coherence among mathematics topics across grades and subject areas
* rigor of mathematical thinking, placing equal emphasis on conceptual understanding
and procedural fluency.

Further, the literature review identified four features of high-quality instruction:

* Engage students in cognitively demanding tasks.

* Model with mathematics to solve problems in the real world.

 Use appropriate tools and manipulative aids.

* Encourage students to explain, make viable arguments, and critique the reasoning of
others.

Principals and district ISSs described having too many topics addressed in their
2009 standards-based curricula, reporting that the number of standards has made it challeng-
ing for teachers to implement the mathematics program. One ISS echoed this view and said,

DoDEA standards, in general, have been difficult to implement. This is because there are
so many of them. You usually want to pick two or three. In DoDEA, you have 12 stan-
dards for Number Sense. What do you focus on; which one is more important? So many
standards to pick out, and you have students with different abilities in class and you want
to differentiate. It is too much.

A few principals noted that it is difficult for teachers to help their students master the stan-
dards when there are so many. They indicated that their teachers reference the standards but do
not teach all in depth. Some teachers also reported that they focus on teaching those standards
addressed in the TerraNova or Preliminary SAT/National Merit Scholarship Qualifying Test
(PSAT/NMSQT) as a way to limit their number and ensure they are taught in-depth.

The literature points to specific practices associated with effective mathematics programs
in addition to mastering content. Teachers of high-quality programs help their students make
connections between mathematics concepts. Of the teachers surveyed, 91 percent reported
placing “moderate to high” emphasis on making connections between mathematics con-
cepts at their grade level, while 81 percent indicated emphasizing mathematical connections
across grade levels at least moderately. However, in only 50 percent of the classrooms observed
did teachers make explicit connections between key mathematics concepts. Mostly, teach-
ers referred to mathematical concepts or procedures they covered earlier in the week with no
discussion or deep exploration of those connections by either the teacher or the students. For
example, in one geometry class, the teacher showed students that a trapezoid could be divided
into two triangles and referred to the triangle area formula taught eatlier in the week to help
students calculate the area of the trapezoid. In another class, we observed the teacher referring
to the need for understanding the distributive property before moving onto algebraic expres-
sions without engaging students in a discussion about this relationship. We did not observe
many teachers making connections from the context of the problem to a mathematical repre-
sentation, between different mathematical representations, to previous learning, or to future
work. In the elementary grades, different textbook series across grades present an additional
obstacle to making connections between current mathematics content and prior or upcoming
content. The Everyday Mathematics curriculum used in grades pre-K—3 uses different vocabu-
lary and approaches from the enVision curriculum used in grades 4—6. It may be that teachers
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emphasize connections between mathematical concepts (as they reported on the survey) but
without making these connections in every lesson.

Making connections across disciplines was less frequent. Teachers we observed con-
nected lesson content explicitly to other disciplines in 20 percent of the classes. For example,
in one of the lessons that included coin-counting activities, the teacher referred to the U.S.
presidents who are on the currency and mentioned to the children some historical facts. We
also observed teachers reinforcing the English language to their ELs by having them read a
mathematics word problem and articulating their understanding of the problem. Artifacts
collected from approximately 80 percent of the observed lessons did not show any explicit
connections between mathematics topics. Few lesson plans connected mathematics activities
together or delineated activities in which students have to recall what they learned in the previ-
ous lesson. Classroom and homework assignments comprised mostly “drill exercises.”

Another best practice identified in the literature is incorporating classroom activities
that develop students’ conceptual understanding, procedural skills, and application. Approxi-
mately 90 percent of teachers surveyed indicated they put “moderate to major” emphasis on
having students practice computation and solving unfamiliar problems that require math-
ematical thinking. Our observations showed that teachers had difficulty balancing their activi-
ties to promote students’ mathematics understanding and fluency in procedures and skills. In
60 percent of the observed classrooms, teachers spent the majority of their time covering con-
cepts through lecturing, modeling mathematical procedures for concepts taught, and asking
students to apply the same procedures to solve a set of problems similar to those solved by
teachers. We did observe teachers in about one-third of the classrooms successfully imple-
ment challenging activities that stretched beyond just procedural skills. Teachers had students
set up problems, engage in novel modeling or postulate testing, and determine the correct-
ness of the answers. For example, we saw a group activity in a high school geometry class in
which students were asked to prove various postulates regarding congruent triangles, including
“side-side-side,” “angle-side-angle,” and “side-angle-side.” The teacher asked students to try to
create incongruent triangles that were still consistent with these postulates. Students worked
in groups attempting to create incongruent triangles using specific lengths and angle measure-
ments provided by the teacher. The teacher checked student work throughout the activity. For
those groups that managed to create what appeared to be incongruent triangles that were con-
sistent with the measurements and the postulates even though this was impossible, the teacher
did not just correct their work but instead asked them to rethink their efforts and start over. In
another example, one teacher gave her middle school students problems, such as the following
and asked them to set up a system of equations to help solve the problem:

Nancy’s farm has ten animals. Her animals have a total number of 32 legs. On her farm
she has cows with four legs each and chickens with two legs each. How many cows and
chickens does she have?

This activity was challenging because the students were required to set up the system of
equations on their own. Students needed to put various pieces of information together to build
the equations. At each step of the task, students needed to make decisions and implement
a strategy to find the right answer. Students in the class struggled with the activity, but the
teacher provided them with adequate time to discuss it with their partners. Our analysis of the
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artifacts indicated that the majority of lesson plans and homework assignments did not draw
out new ideas or challenges and mostly focused on accuracy, skill acquisition, and procedures.

Mathematical modeling is an important tool that can be used for problem-solving and
forecasting, and it reinforces the application of mathematics concepts in real-life situations
(Council of Chief State School Officers [CCSSO], 2013). Moreover, as conceived of in the
CCSS, mathematical modeling also provides opportunities for students to practice commu-
nication about mathematics, because one of its key components is having students work in
pairs or groups to develop, explore, and test the appropriateness of models (CCSSO, 2013).
Modeling is one way to link classroom mathematics and statistics to everyday life, work, and
decisionmaking (CCSSO, 2013).

Of the teachers surveyed, 89 percent reported placing “moderate or major” emphasis on
having students in their classes apply mathematical principles in real-life situations. In our
observations, about 28 percent of teachers provided their students with opportunities to solve
authentic and realistic problems arising in everyday life. At the elementary level, modeling
activities included modeling a rocket launch to observe, measure, and work with Newton’s
third law and using simple arithmetic to solve word problems addressing real-life situations.
At the higher grades, students were given opportunities to model relationships between two
variables. For example, in one of the classes, the teacher presented students with a realistic situ-
ation of opening a new business that makes and sells vases. Students were asked to determine
the point at which the business will break even. This scenario required students to make vari-
ous assumptions and identify the y-intercept of two equations representing the cost of making
vases and the income generated by selling vases. In terms of artifacts, very few, representing
18 percent of the observed lessons, included mathematics problems with real-world aspects that
required students to demonstrate their understanding.

Tools and manipulatives were available in most of the classrooms we visited. Of the teach-
ers we observed, 38 percent used tools and manipulatives to develop students’ conceptual
skills. Teachers, for example, made tools available for students to measure body dimensions.
Calculators were provided to students in some classrooms. Place-value blocks were also used in
some classes to assist students in creating mathematical models of real-life relationships. Even
though technology (e.g,. calculators, TI-Nspire™, Smartboards®) were widespread, they were
used mostly to reinforce procedures. Furthermore, Smartboards were being used as traditional
white boards to present information or video to the whole class or student groups. Very few
teachers incorporated the interactive features of the Smartboards into their lessons to promote
student interaction.

We also observed very few teachers giving students greater responsibility for developing
mathematical concepts while the teacher acts more as a learning facilitator. In most classrooms,
teachers initiated and led most discussions of mathematical concepts. Over half of the observed
teachers asked procedural questions or questions requiring yes/no answers. About 46 percent
used questioning strategies to encourage students to clarify their thinking and show their
understanding, but the majority of these interactions did not foster discussions among stu-
dents. Furthermore, most teacher questions did not encourage students to clarify and extend
their thinking, probe deeper, or make connections. Very few teachers asked questions that
focused on promoting mathematical reflection (e.g., Why does your answer make sense?) or a
deep understanding of mathematical ideas (e.g., Is this true in all cases?).
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Equity and Diversity

The literature stresses the importance of implementing inclusion policies to ensure that all
students have equitable access to the curriculum and education services. But the literature also
adds that inclusion policies are insufficient on their own and that it is necessary for such poli-
cies to address differentiation in instruction to take into account varying student abilities and
learning styles in a classroom. To achieve this goal, it is important for schools to put in place a
system that measures all student groups on achievement indicators and uses the information to
track each group’s performance, identifying different student needs and providing the appro-
priate support to each student.

The districts and schools visited engaged in efforts to review student assessment data to
varying degrees. All principals and teachers interviewed reported that they review student
assessment information to monitor student groups and identify which mathematics areas to
emphasize. The type of assessments schools used and the purpose of the assessment review
differed across schools and by grade level. At the elementary and middle schools, principals
and teachers emphasized reviewing school assessment data (e.g., schoolwide standardized
assessment in selected schools or Exemplar data) and formative in-class assessments and, to a
much lesser extent, stressed studying the results from the systemwide TerraNova assessments.
TerraNova was not considered by either principals or teachers as a valid tool for monitoring
student performance. One elementary school principal said, “TerraNova is one source of data,
but I do not like it. It is not diagnostic and, by the time I receive the data, it is late.” Some
elementary school principals reported reviewing data from their school-specific assessments at
the end of each quarter during their leadership meetings to determine student support. Other
principals administered pre- and postquarterly assessments to set school goals and monitor
student progress toward the goals. Students not meeting the school goals were regrouped for
instruction. A few middle school principals reported assessing incoming fifth graders at the
beginning of the school year to determine their course placement. At the high-school level,
ninth-grade TerraNova results as well as PSAT/NMSQT information were commonly used to
identify the mathematics areas on which students needed improvement. For the TerraNova,
some high school principals reported reviewing basic statistics (e.g., median, mode, and mean)
for various student groups, as well students’ objective performance index, to determine mastery
levels in mathematics. Others preferred to review PSAT/NMSQT results because they could
generate a list of questions that were answered incorrectly to inform mathematical areas on
which to focus. Some principals also looked at course grades and placed students earning Ds
or Fs on a list for weekly monitoring. District ISSs’ efforts in using assessment data to address
achievement gaps were limited because they had access to TerraNova results and classroom
observation data only from the classrooms they visited. Finally, some teachers in high schools
used departmental assessments to identify low-performing students for ongoing monitoring.
Although principals and teachers frequently used data to identify and monitor students who
were performing poorly, it was unclear whether they monitored with the same diligence stu-
dent performance by gender or ethnicity.

Interviews at all school levels noted the lack of available mathematics interventions for
low-achieving students, such as resources that provide opportunities for students to work with
visual presentations of mathematical ideas or computer-adaptive mathematics software that
regularly assesses students’ mathematics knowledge, tracks student growth, and helps guide
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instruction or other intensive mathematics interventions designed to improve the skills of low-
achieving students.

Most of the supports that were mentioned by principals and teachers irrespective of the
school level were in the form of extra time spent with low-performing students, such as tutor-
ing, homework club, seminars, or “opportunity halls.” Few schools with local mathematics-
support specialists mentioned pulling out low-achieving students to provide them with addi-
tional instruction. The mathematics-support specialists also provided in-class support upon
teacher request. Low-achieving students who did not improve as a result of the supports were
referred by teachers to the student support team (SST). Both teachers and SST members work
together to analyze student misunderstandings and design interventions to effect the desired
change.

The literature emphasizes the importance of expecting ELs and students with special
needs (special education students) to achieve CCR standards and to ensure that those student
groups have the same access to the curriculum as their peers. The literature also points to the
need to provide appropriate instruction for gifted students, and it is the school’s responsibil-
ity to create programs or courses to support the educational needs of advanced learners. Most
identification of EL, special education, and gifted students occurs at the elementary school
level. Their identification status transfers with them as they move through higher grade levels.
Some identification occurs in later grades, particularly for students who enroll in DoDEA
schools for the first time in the secondary grades.

English Learners and Students with Special Needs
DoDEA schools have effective and consistent systems in place for identifying students who are
not proficient in ELA and students with other learning needs.

To identify ELs, all new families are asked to complete the Home Language Question-
naire at the time of registration, regardless of the student’s language, race, or ethnicity. Ques-
tionnaire information is provided to the English-as-a-second-language (ESL) teacher at the
school whenever the parent has indicated that a language other than English is spoken in the
home. The ESL teacher reviews the educational records of all potential ELs identified through
the questionnaire, identifies those with possible ESL needs, and refers them for assessment and
evaluation. The ESL teachers and general-education teachers determine whether any academic
problems a student is having are related to his or her English-language proficiency based on
the assessment results and student performance in class. If so, the student is referred to ESL
services.

Similarly, DoDEA schools have an elaborate and clear identification process for students
with special needs. This process is in accordance with the Individuals with Disabilities Edu-
cation Act (Pub. L. 101-476, 2010). Students with physical disabilities or known cognitive
handicaps are usually identified upon enrollment. Other students with potential special needs
tend to be identified by the teacher because they are having difficulty learning; teachers refer
such students to the SST, which develops specific interventions for them. If students do not
improve, they are then referred to a case-study team, which reviews students’ portfolios and
determines whether students need to be tested for a more severe cognitive disability. The special-
education program targets students with mild, moderate, and severe disabilities covering
a range of conditions, such as learning disabilities, communication and emotional impair-
ment, and development delay. The availability of ESL and special-education staff varied across
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schools, with some schools indicating a need for more ESL and special-education teachers to
provide the needed services.

DoDEA prioritizes the inclusion of students with special needs and ELs in general-
education classes and the broader school community to the extent possible. For students with
special needs, DoDEA policy also provides other options, such as pulling students from class
and providing them with services in separate resource rooms for a portion of the day or, in
severe cases, at home or in off-campus facilities. Most district ISSs raised concerns about how
the inclusion policies were implemented in the classrooms. They indicated that teachers were
not implementing differentiation techniques sufficiently to reach special-education and low-
performing students. One ISS noted, “There is little differentiation going on. They teach to
the middle of the group. The differentiation only comes in the form of retest or extra time.”
Some ISSs also indicated that it is difficult for teachers to find time to differentiate when they
are expected to cover “too many standards.” Our classroom visit data showed differentiation
occurring in only 15 percent of the lessons observed. In these classrooms, teachers provided
opportunities for students at different proficiency levels to engage in tasks or activities at their
learning levels.

For example, in one class, students were working an activity called Math Message. The
message asked, “If student A measured an object in centimeters, and student B measured it
in inches, who do you think will report the larger number?” (Students were not given rulers
or an object but were asked to think about the math message.) The teacher realized that four
students did not understand the problem and pulled them aside to show them another way
of thinking about the problem: by visualizing the difference between inches and centimeters
when measuring a box. She said, “Before you do anything, let’s do an experiment. Measure this
box using the centimeter ruler: How long is it?” The student said, “32.” Then she said, “Let’s do
it in inches.” The student said, “It’s 13 inches.” Then the teacher said, “So, let’s go back to the
question: Who do you think will report the larger number?”

However, the majority of classroom teachers made very few adjustments in assignments
or resources or activities. All teachers observed provided one-on-one assistance when students
struggled or asked for help. But they tended to revisit or reteach the mathematical concepts
using the same materials and similar instructional strategies. Although our classroom obser-
vations indicated that not many teachers implement differentiation strategies, teacher survey
self-reports showed otherwise. About one-third of surveyed teachers indicated that they plan
different assignments for individuals or groups of students based on their performance at least
once during a lesson.

Gifted Students

The identification of gifted students did not appear to be as consistent across schools as the
identification of EL students and students with special needs. Usually the process is initi-
ated by classroom teachers referring students to be tested for gifted status. The Gifted Review
Committee reviews teachers’ recommendations and assessment results and determines whether
the student should be eligible to receive gifted services. Few schools mentioned the provision of
gifted services. These schools indicated that gifted services were provided within the context of
students’ regular class or as pull-out activities on a periodic basis.
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Teacher Content Knowledge

There is consensus in the literature that effective teaching requires strong content knowledge
of mathematics. Of the surveyed teachers, 64 percent reported “understanding the details
of DoDEA mathematics standards well enough to use them in development of lessons and
assessments, as well as explain the standards thoroughly to colleagues.” Similarly, approxi-
mately 75 percent of the surveyed teachers indicated that they were “very prepared in terms of
their knowledge and skills to teach students the mathematics standards.” Many principals we
interviewed indicated that their teachers were familiar with the content of the DoDEA stan-
dards. Nonetheless, some principals, teachers, and ISSs perceived that teachers lacked adequate
content knowledge, especially teachers in the lower grade levels. They raised concerns about
teachers not understanding the concepts behind the mathematical processes. When talking
about the qualification of teachers, one ISS said, “Any standard involving computation is easy
to implement. Basic operation is easy to spend time on. Teachers do not know how to teach in
depth. Teachers lack mathematic knowledge to be able to teach effectively.” A few teachers and
principals indicated that elementary school teachers are not fluent in mathematics because they
do not have strong mathematics backgrounds or because they do not like mathematics. Percep-
tions about teacher knowledge in mathematics were more favorable at the higher grade levels,
possibly because teachers at middle and high-school levels tend to have degrees in mathematics.

Classroom Assessments

Best practices in classroom assessment include having a thorough program of formative assess-
ment that is aligned with standards, places equal emphasis on content and practices, and is
supported by technology. Such classroom assessment activities complement summative assess-
ments that are standardized across classrooms (and are aligned with the same standards). The
formative classroom assessments provide teachers with immediate, proximal, lesson-related
information about small increments in student learning that can be used to guide day-to-day
instruction. The summative assessments, in contrast, provide annual (or periodic) measures of
accumulated learning that allow administrators to assess the effectiveness of the mathematics
program overall and to compare performance across schools and districts.

Our observations of DoDEA mathematics lessons and DoDEA teachers’ survey responses
both indicate that mathematics teachers regularly assessed student knowledge in class, although
the type, frequency, and focus of these assessments varied considerably across teachers. We saw
evidence in the observations and artifacts of many classroom-assessment strategies, including
daily quizzes, unit tests, student interviews, student self-rating scales, daily exit cards, remote
key pads (“clickers”) linked to display software, and performance tasks to ascertain how well
students have mastered mathematical content and practices.

Common Classroom Assessment Practices

Fully half of the mathematics lessons we observed included some formative assessment of stu-
dent knowledge. In addition to pencil-and-paper tests and quizzes, we saw examples of teachers
using warm-up problems at the start of lessons, white marker boards and electronic response
devices (“clickers”) during lessons, exit tickets at the end of lessons, and other techniques for
measuring students’ understanding of lesson content. Most of the assessment artifacts teachers
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provided were drawn from textbooks and other curriculum materials, but some of the classroom
assessments came from other sources. For example, a few teachers told us that they used online
resources to find assessments. In addition, a few schools had adopted periodic supplemental
assessment activities to encourage particular aspects of mathematics. For example, teachers in
a few schools were asking students to complete “exemplars,” which were grade level-specific
problem-solving exercises developed elsewhere to foster mathematical problem-solving,.

Survey responses suggest that assessment was a regular part of teachers’ classroom rou-
tines. Teachers indicated that they emphasized a number of assessment activities. The vast
majority of teachers reported putting moderate or major emphasis on “giving tests and quizzes
to find out what students know” (79 percent) and on “using informal questions to assess stu-
dent understanding” (94 percent). We also asked about actual practice, and the results indi-
cated that most teachers regularly assessed student performance in class. More than two-thirds
of teachers reported that they “reviewed assessment results to identify individual students who
need supplemental instruction” one or more times a week, and more than 25 percent reported
doing so one or more times per lesson.

The assessments we collected as artifacts of instruction were far more likely to measure
mathematics content than mathematical practices. Typical of the former were tests that focused
on specific knowledge or procedures, such as the test shown in Figure 3.1. On the other hand,
we did see instances in which classroom assignments were used to assess mathematical prac-
tices (e.g., processes and proficiencies). Figure 3.2 is an instance in which students were asked
not only to graph information but also to interpret it in the context of a story or event. This
example embodies an assessment that tries to measure a student’s ability to reason abstractly
and quantitatively (a key mathematical practice in the CCR standards).

We saw very little use of technology for assessment during our observations. The one
possible exception was IXL Math, which offered students rapid, gamelike tests of skills and
tracked their performance. Some teachers used IXL to give a group of students an opportu-
nity to reinforce skills; however, we saw no instances in which teachers were monitoring the
results of the IXL measures. We were told that the contract to purchase access to IXL would
not be renewed, and the use may have been influenced by the belief that the resources would
no longer be available.

Variations in Classroom Assessment

In the classes we observed, DoDEA teachers regularly used classroom assessment to find out
what students had learned. Yet, there was considerable variation in the assessment strategies
they used. In the lessons we observed, we saw students assessed using tests, problems, or tasks
drawn from a huge range of sources, including Exam View, Schoology, Center for Science
Industry test (CSI) tests, IXL Math, Scholastic Mathematics Inventory, Exemplar, a commer-
cial product referred to as the “diagnostic” test, Teachers Pay Teachers, Pearson online, STAR
Math, Glencoe, school-constructed common pre and post tests, and others. It is not neces-
sarily bad to find variation in classroom assessment practices. Yet, in the context of DoDEA,
which has common mathematics standards and curriculum materials, the range of assessments
seemed unjustified. The tests and measures we observed varied among grades within schools,
among schools within districts, and among districts.
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Figure 3.1
Assessment Focused on Mathematics Content
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Professional Development for Assessment

On the survey, many teachers reported that classroom assessment was a focus of their PD
during 2014-2015, and many reported needing more PD related to assessment. Just more than
half of the teachers surveyed (58 percent) indicated that “use of assessment data to inform
instruction” was a moderate or major focus of their PD during 2014-2015, and 31 percent
reported that they had a moderate or high need for additional PD on this topic. Similarly,
more than one-third (38 percent) reported that their PD had a moderate or major emphasis
on “developing classroom assessments,” while 43 percent reported a moderate or high need for
additional PD on this topic.
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Figure 3.2
Assessment Focused on Mathematical Practices
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Large-Scale Standardized Testing

As one might expect, we observed a wide range of formative classroom assessments, but teach-
ers mentioned only one or two annual, summative assessments. DoDEA mandates annual
standardized testing in reading and mathematics for students in selected grade levels, using the
TerraNova, PSAT/NMSQT, and SAT tests. Principals we interviewed used results from those
annual tests to monitor their schools’ overall performance over time and to inform CSI goal
setting. Teachers we interviewed generally indicated that they made efforts to prepare students
to take those tests because the results had important consequences for their schools. However,
they did not think that the tests were well aligned with the current DoDEA standards and did
not know whether they were aligned with incoming the CCR standards. As one teacher put
it, “It’s frustrating. DoDEA standards in [my] grade may say one set of skills, but that’s not
what’s on the TerraNova test. So it’s not valid.” Most teachers reported that they did not use
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the results from the annual standardized tests for daily instructional improvement. We did see
instances in which the results from the standardized tests were displayed on bulletin boards as
an indication of the school’s progress over time and as evidence of achieving identified goals
related to mathematics performance.

Instructional Leadership

In the research literature, instructional leadership is described as a multidimensional charac-
teristic, and, not surprisingly, there are a number of different ways to characterize the skills
and activities of effective instructional leaders. For the purposes of this study, we adopted a
framework that describes best practices in this area in terms of three key actions. First, instruc-
tional leaders set direction, which entails creating a shared vision within the school with high
expectations for student performance and communicating this vision to teachers, parents, and
other stakeholders. Second, effective instructional leaders engage in practices to develop the
capacities of their staff. This includes setting expectations for practice in terms of instruction,
assessment, and collaboration. It also involves assessing staff needs in these areas and develop-
ing appropriate PD programs. Finally, to the extent necessary, instructional leaders redesign
their organizations to support their vision and their people. This task involves strengthening
the culture of the school around these goals and building collaborative processes that sustain
the changes.

In the case of DoDEA, most of the school and district leaders we interviewed told us that
DoDEA headquarters (HQ) is responsible for setting the direction as far as the mathematics
program is concerned. As one superintendent put it,

Policy and procedures came from headquarters; that’s where we get our marching orders.
And then the area follows through with that. It goes from headquarters to area, area to dis-
trict, and district to principal. Each of us has a responsibility to support the mission.

Not all administrators had such a “top-down” perspective; nevertheless, most of the school
leaders were waiting for DoDEA direction before planning the implementation of the CCR
standards. For example, almost without exception, the principals we interviewed had not yet
shared information about the new mathematics standards with parents. Most of our school
visits occurred before principals or teachers had received any official training on the CCR
standards (although the schedule for training was announced while we were conducting this
study). It is not surprising that there had been little formal discussion of the CCR standards in
the schools we visited. Yet, some school leaders had taken it upon themselves to start learning
about the CCR standards in anticipation of the new standards. One or two school leaders had
begun to explore the CCR standards by developing a crosswalk between the current DoDEA
standards and the CCR standards or by examining the alignment of their current curricula to
the new standards. In addition, in some schools, individual teachers were seeking out informa-
tion about the CCR standards on their own or were familiar with the CCSS from previous
teaching assignments in U.S. public schools. It is not clear to us whether these few initiatives
came initially from the school leaders or the teachers, but they were being were encouraged by
the principals in these schools.
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During interviews, teachers and principals described a variety of things that instructional
leaders do to enhance the mathematics program. The most-common efforts included engaging
in learning walks and performance-appraisal visits, providing one-on-one coaching or mentor-
ing, planning or obtaining PD for staff, fostering collaboration among staff, reviewing data on
student performance and sharing it with staff, and providing curriculum resources to support
instruction. These are all important aspects of staff improvement. Yet, schools varied consider-
ably when it came to who provides instructional leadership for mathematics. We asked both
teachers and principals who served as the instructional leaders for mathematics in their schools,
and the results varied widely. In some instances, staff members said the principal was the
instructional leader; in some instances, the mathematics ISS was identified as the leader; and
in still other instances, staff identified individual teachers as the “go-to” people when it came
to questions about mathematics teaching. A few respondents indicated that the school’s math-
ematics support specialist (where this position existed), the mathematics department chair (in
some high schools), the assistant principal, or the CSI team served as the instructional leader
in mathematics. The de facto instructional leader was not always the official instructional
leader. In many schools we visited, individual staff identified different people as the math-
ematics instructional leader within the same school. And in some cases, staff told us that they
consulted with different people, depending on the nature of the question; one person might be
the strongest resource when it came to technology, another when it came to teaching specific
mathematics topics.

This finding from the interviews suggests that, in many schools, there did not seem to
be one recognized mathematics instructional leader; instead there was an informal system of
diffused leadership within the schools. For example, in some schools, mathematics teachers
informally identified one or two experienced mathematics teachers at their schools or at the
district level as the person(s) to call with problems pertaining to use of technology in math-
ematics classes or the implementation of specific instructional practices. Principals at those
schools tended to make decisions regarding the purchase of technology or other resources to
facilitate the implementation of the mathematics program. Principals who had strong math-
ematics skills were more likely to be identified (or to self-identify) as instructional leaders than
principals who were trained in other areas. Mathematics ISSs were more likely to be identified
as instructional leaders in situations in which they were easily accessible to schools (e.g., geo-
graphically close) and had established relationships with teachers than in situations in which
they were more distant (e.g., were not available on “a day’s notice”) or were not well known by
staff.

In the interviews, we asked specifically about the role of the mathematics ISS because this
was often the only person with designated responsibilities related to improving mathematics
teaching. Two different functional models emerged. In one, the mathematics ISS was seen as
a leader who initiated contact with schools or teachers to try to improve mathematics instruc-
tion. In the other, the mathematics ISS was seen as a supporting resource who was available
when called upon to offer individual assistance. Mathematics ISSs recognized that their role
was a difficult one because they had no direct authority to influence schools or teachers but
instead had to encourage people to ask for their help. Some told us that they tried to “push”
themselves out to schools, whereas others waited to be “pulled” in by staff. Individual person-
alities may also play a role; some mathematics ISSs were perceived by teachers to be helpful
resources, while others were perceived as unhelpful or unresponsive.
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Finally, although it is difficult to measure organizational features in a single visit, it seemed
clear from our interviews that schools had very different professional learning cultures and that
school leaders supported teachers in different ways. For example, some schools promoted active
professional learning communities among teachers, and some did not press for this type of
collaborative engagement. Some schools appeared to be highly collaborative when it came to
mathematics teaching and learning (teachers met to discuss mathematics teaching, shared les-
sons, called upon one another if there were problems), and other schools were much more indi-
vidualized (teachers were responsible for their own lessons and might reach out to an instruc-
tional leader on their own if they had questions). We were not able to tell the extent to which
the school leader had acted to create a particular culture for the school, but we did observe that,
in some instances, communication about mathematics could be described as a web of intercon-
nections, while, in other cases, there was more of a hub-and-spoke arrangement.

Administrator and Teacher Professional Development

Research suggests that effective PD for implementing the CCR standards should do the
following:

e Be sustained and intensive.

* Be content focused.

* Involve active learning on the part of teachers, integrated into daily activities.
¢ Involve collective learning.

 Focus on the major shifts inherent in the CCR standards.

Many of these features were mentioned during our interviews with administrators in the
three U.S. LEAs that were leaders in implementing the CCSS. In particular, they stressed the
importance of sustained, content-focused training (over multiple years), an emphasis on the
new standards, and the use of active learning rather than lecture.

Based on our interviews with staff, it does not appear that recent DoDEA PD in math-
ematics incorporated many of the identified features of high-quality PD. Most of the teachers
we interviewed reported receiving very little PD in mathematics during the past year, so the
comments they did make reflected their experiences from prior years; in some cases, teachers
referred to more-extensive PD they had received up to ten years ago. Although teachers con-
tinue to receive some training and PD, it appears that it is more likely to be of short duration,
not connected, and not have the focus of these more-memorable prior PD experiences. When
describing past PD experiences, the teachers we interviewed reported few instances of PD that
were sustained, active, or focused on building a community of expertise.

It appeared to us that the local capacity for delivering high-quality mathematics PD or
supporting mathematics professional learning communities was very uneven. Some school
leaders described clear plans for PD to meet teachers’ needs, while others were imprecise or
uncertain. There appeared to be greater subject-matter expertise in middle and high schools
than in elementary schools, offering stronger resources on which to build local PD.

We should also note that survey responses suggested that more than half of respond-
ing teachers received some PD in 2014-2015; 60 percent of teachers in DoDEA Europe
and DoDEA Pacific reported receiving PD in 2014-2015, as did 82 percent of teachers in
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DoDEA Americas. Survey respondents indicated that their PD focused on a variety of topics,
ranging from content of the mathematics standards to differentiation of instruction for stu-
dents with disabilities; each of the nine topics we asked about was a major focus of PD for
10 to 30 percent of the teachers. We cannot tell how long these PD activities lasted or how well
they were received, but, as noted in the next paragraph, the majority of survey respondents
indicated that they needed additional training on a number of the topics.

We also asked teachers in the online survey about their needs for PD across a wide range
of topics. About three-quarters of the teachers said that they had a moderate or high need for
PD focused on “understanding the difference between mathematics concepts addressed by the
CCR standards for mathematics and those addressed by the DoDEA mathematics standards”
and “understanding which mathematics concepts are being prioritized in the CCR standards
for mathematics.” These needs were far more widespread than needs for PD related to specific
mathematics topics, such as making connections, using mathematical language, or developing
conceptual understanding. This suggests that teachers are ready to receive the planned initial
training on the CCR standards. After that training is complete, teachers may voice greater
needs for additional PD around specific topics.

STEM Opportunities

The educational experts suggested that effective STEM learning opportunities have the follow-
ing characteristics:

* Incorporate STEM professionals as role models.

* Involve partnerships with STEM-rich institutions.

* Ask students to engage in doing STEM-related activities, not just hear and talk about
them.

* Provide regular, consistent opportunities.

* Include cross-grade opportunities to interact with other students.

In most of the schools we visited, principals described some STEM enrichment opportu-
nities, although few, if any, of them included all the features previously described. After-school
clubs that met on a regular schedule were the most common way in which schools offered stu-
dents enrichment related to STEM. Principals described clubs related to robotics, computer
coding (e.g., Cyber Patriots), biology, science, hydroponics, engineering (including Lego), and
other topics. In addition to STEM clubs, many schools offered STEM events that occurred
once or twice a year. These events included science fairs; engineering field trips; Earth Days; sci-
ence, technology, engineering, arts, and mathematics night; gardening; a navigation program;
“this is what I do” events with military STEM personnel; cup stacking; and Mathematics
Olympiad. Some schools offer special STEM activities that are more closely integrated into
the school day (but do not substitute for regular mathematics and science instruction). For
example, one school has a STEM lab that students attend for an hour a day every fourth week,
and other groups of students rotate into the lab during the alternate weeks. A few schools had
no supplemental STEM activities.

Looking across this diverse set of activities, we see many instances in which the school
uses the expertise of local military personnel and facilities (e.g., hospital personnel, U.S. Air
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Force resources). In addition, according to principals and teachers, all the activities appear to
involve active learning by students, i.e., doing STEM-related activities, not just listening to
people talk about them. Most clubs met regularly, so the opportunities were lasting, although
we did hear about cases in which the club lasted only a few sessions. There were fewer examples
of partnerships with nonmilitary organizations.

Based on the interviews, it appears that students’ access to STEM opportunities varied
considerably depending on the schools where they were enrolled. Key factors in access to
STEM enrichment seemed to be proximity to STEM-rich organizations, staff expertise, and
local capacity to support supplemental STEM materials and programs. We heard about more
STEM enrichment at the elementary level than at the secondary level, but more students at the
secondary level were already enrolled in science or technology courses.

We heard varying comments from principals about the value of STEM-related enrich-
ment activities. On the one hand, some principals embraced the idea and had developed strong
connections with local STEM professionals. On the other hand, a few principals told us that
they thought that STEM should be integrated into the curriculum, not separated from it. One

reported that the whole exercise of creating STEM clubs was a compliance activity they did to
check off a box for DoDEA HQ.

Summary

Implementing a high-quality mathematics program that incorporates best practices in each of
the eight key programmatic areas is a challenging endeavor. Our results suggest that DoDEA
has been successful in incorporating some best practices in its mathematics program, but there
is room for improvement. Teachers reported a desire for more curriculum resources on which
they could draw to support standards-based instruction, and that will be important with the
implementation of the CCR standards. The same is true of both standardized and forma-
tive classroom assessments. Mathematics curriculum and instruction appeared to be widely
focused on standards but not always as coherently, deeply, or rigorously as would be optimal.
Schools attended to the needs of various students groups, but teachers desired help in improv-
ing their skills in differentiating instruction. Efforts were made to provide supplemental STEM
activities, but they varied widely based on local resources. Schools did not always have strong
instructional leadership for the mathematics program, nor did they provide the highest-quality
PD to support teacher improvement in mathematics, although teachers believe that they have
the content knowledge needed to be effective mathematics instructors. In the next chapter, we
focus on the question of implementation of the CCR standards and share observations about
how DoDEA might implement the new standards in the most-effective ways.






CHAPTER FOUR

Concerns About the Upcoming Implementation of the College
and Career Readiness Standards

In the course of studying the current DoDEA mathematics program, we learned a number of
things about DoDEA’s efforts to implement the existing (2009) standards and support high-
quality mathematics curriculum and instruction. Teacher and principal comments about the
DoDEA mathematics standards and existing supports for mathematics teachers suggest chal-
lenges that will need to be overcome in order for the upcoming implementation of the math-
ematics CCR standards to be successful. This chapter identifies a few potential problems that
DoDEA may want to address to ensure that the CCR mathematics standards are implemented
well and that the mathematics program is as effective as possible in the future.

We note that our interviews and observations occurred after the adoption of the CCR
standards had been announced but prior to principals or teachers receiving any formal training
on them. We collected data during the time that the training program was being developed
and the initial training schedule was announced. Thus, most teachers and administrators were
aware that new mathematics standards were coming, many had already heard something about
the CCSS and the controversies associated with it, some had taken the initiative to learn more
about the standards on their own, and, in a few of our later interviews, administrators had
already participated in introductory training sessions. As a result, we heard a range of things
about current and past DoDEA efforts to improve the mathematics program. However, we did
not systematically query all the teachers and principals we interviewed about their prior train-
ing and support, so we do not know how prevalent each of these attitudes or opinions is among
DoDEA staff. To be conservative, we do not report concerns expressed by only one or two
individuals. Instead, we focus on a few noteworthy problems that might plague the implemen-
tation of the CCR standards in mathematics based on reports from a number of respondents.

Training and Support for the Mathematics Program

A number of teachers raised concerns about the mathematics PD they had received previ-
ously from DoDEA. (At the time of our interviews, they had not yet participated in any CCR
standards training.) Teachers complained that PD was too infrequent and that it was not
equally available to all teachers. Teachers in more—geographically remote schools told us that
the PD they received, which was delivered remotely through video (even two-way interactive
video), was not as effective as PD delivered in person. DoDEA teachers also said that previ-
ous improvement initiatives were not sustained long enough but were superseded too quickly
by new directions. DoDEA high school teachers and administrators made similar comments
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about training that never reached them: “By the time reforms are slated to get to the high
schools, they’ve been changed and we don’t get anything.” How much training should DoDEA
provide to support the implementation of the CCR standards? The exemplary LEAs we con-
tacted indicated that their efforts to implement the CCSS in mathematics included three or
more years of PD and support for teacher change. They also reported involving teachers in all
the elements of implementation—from interpreting the standards to identifying appropriate
curriculum materials to designing training activities. They reported that changes of this mag-
nitude take time, and they suggested that it would not work to shortchange the process by
trying to implement faster.

By the time we completed our interviews, DoDEA had provided the initial PD to admin-
istrators. Superintendents with whom we spoke near the end of the study had seen the plans for
principal and teacher PD beginning in summer 2015, and they made positive comments about
the amount of training being provided, the phased implementation strategy, and the plans
for follow-up for teachers throughout the year. They praised DoDEA’s systematic approach to
implementing the CCR standards and noted that current efforts appeared to be better orga-
nized than past efforts.

The Role of the Mathematics Instructional Support Specialist

The mathematics ISSs play a key role in DoDEA’s mathematics program, offering first-line
support to teachers, who have questions about content, curriculum, and instruction. Teach-
ers had mixed opinions about the effectiveness of the ISSs. Although some teachers praised
the support they received from their local mathematics ISSs, many teachers were critical of
interactions with their mathematics ISSs. They faulted ISS support for not being responsive
(taking too long), not being informative (lacking useful mathematics content or instructional
insights), or not being engaging (lacking rapport). There was considerable variation in attitudes
toward mathematics ISSs, and some of it seemed to be a function of the personality and skills
of individual ISSs. To support the implementation of the CCR standards, which emphasized
deeper understanding of mathematics, the ISS will need strong mathematics content knowl-
edge. While some principals we interviewed believe that it is essential for mathematics ISSs
to have strong mathematics skills, others believe that a person with good staff development
skills can fill this role if he or she has good training materials. A few teachers reported that, in
their experience, their local school mathematics support specialist is likely to be a person with
general training skills, not necessarily a person with strong understanding of mathematics and
mathematics pedagogy.

There were also differences in expectations about how ISSs should function. Some ISSs
told us that they wait to be called on rather than actively pursuing teachers because they worry
about overstepping their role. In contrast, one or two ISSs said they saw it as their job to reach
out to teachers and see whether they were delivering good mathematics instruction.

A final challenge we identified is how to support improvement of mathematics teaching
in more-remote schools. The theme of remoteness came up in interviews with ISSs, princi-
pals, and teachers, particularly in geographically isolated places. In these locations, teachers
were more likely to report that they were not visited regularly by an ISS and that they needed
more-sustained, classroom-based support from instructional leaders. Similarly, some ISSs were
frustrated that they could not provide that level of support. They noted that building a pro-
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ductive, trust-based relationship takes time and face-to-face contact, which is not possible in
some locations.

Alignment with the College and Career Readiness Standards

It is important to align operable standards, curriculum materials, formative and summative
assessments, and instructional support. Most teachers understood this; for example, they indi-
cated that the textbooks should be aligned with the standards, and they recognized that the
books being used were selected with the DoDEA standards in mind, not the CCR standards.
They were concerned about what would happen after the implementation of the CCR stan-
dards: Would there be new textbooks, or would they have to figure out how to assemble les-
sons from various sources to teach the CCR standards? Teachers also were concerned that any
change in standards (and hence in teaching) would jeopardize their students” performance on
standardized tests—the SAT in the case of high schools and the TerraNova for lower grades.
They worried that teaching to the new standards would lessen student performance on the
current tests, which are used for school accountability purposes. Adopting a new assessment
that is aligned with the CCR standards would address this concern, and we understand that
process is under way.

In most of the schools we visited, teachers expressed a desire for a common
scope-and-sequence document that would make standards-aligned instruction more consis-
tent across schools. This consistency would better serve the needs of students who frequently
change schools.

Maintaining Mathematics Teacher Quality

Many principals told us that DoDEA personnel requirements made it difficult to hire high-
quality mathematics teachers. Administrators complained to us that hiring rules interfered
with their efforts to hire the most-qualified mathematics teachers. Both the centralized appli-
cation process and the absolute veterans™ preferences were mentioned as obstacles to effective

hiring, particularly in mathematics and STEM fields.

Summary

Although the main focus of the study was to judge the quality of the current DoDEA math-
ematics program along eight dimensions in preparation for the implementation of the CCR
standards, our interviews and observations revealed a number of issues that we believe will be
relevant to successful implementation of new mathematics standards. These issues included
training and support for mathematics teachers; the role of the mathematics ISS; alignment of
the standards, curriculum, assessments, and PD; and obstacles to hiring effective teachers. We
incorporate these ideas into our recommendations in the next chapter.






CHAPTER FIVE

Summary, Recommendations, and Next Steps

The purpose of our study was to examine the quality of the current DoDEA mathematics pro-
gram in eight key areas and consider what those findings mean for DoDEA’s plans to imple-
ment the CCR standards. In this chapter, we summarize our key findings in each area, as well
as our observations regarding emerging efforts to implement the CCR standards. We offer 2
few specific recommendations to address issues we identified, and we conclude by suggesting
three questions whose answers might help DoDEA assess and support implementation during
the next few years.

Our study was conducted at the same time that DoDEA was planning the implementa-
tion of the CCR standards in mathematics. As we write this report, training and dissemination|
efforts are well under way. For example, every teacher in grades pre-K—5 would have already
received a full day of training in August 2015, and four sessions of supplemental training were
offered during the 2015-2016 school year. As a result, some of our findings may have been|
overtaken by events that were being planned as we conducted the study. Nevertheless, we sum-
marize our findings, present our recommendations, and offer some thoughts about next steps
based on the interviews we conducted; classrooms we observed; artifacts we collected; and, to
a lesser extent, responses to the online teacher survey during the 2014-2015 school year.

Summary

Our results suggest that DoDEA has been successful in incorporating best practices in its
mathematics program in some areas more than others. For example, DoDEA schools have
incorporated many of the best practices identified in the literature in the areas of equity and
diversity and classroom assessments. However, schools varied in their implementation of best
practices related to curriculum resources, curriculum and instructional quality, STEM oppor
tunities, and instructional leadership. There had been little recent administrator and teacher
PD at the time of the site visits, not consistent with best practice. Details are presented in the
following paragraphs.

Curriculum Resources

Many teachers indicated that DoDEA textbooks were not well aligned with the 2009 DoDEA|
mathematics standards or did not provide sufficient lesson alternatives to meet the needs of
their students. Teachers reported not having standards-aligned curriculum resources readily
available. Hence, teachers sought additional resources on their own to incorporate into theiy
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lessons because there was no system in place to help teachers identify and assess the quality of
the resources.

Curriculum and Instructional Quality

The extent to which teachers implemented teaching practices that promote mathematical pro-
ficiency varied. In most lessons we observed, teachers made connections between mathemati-
cal concepts in the classroom but did not explore them in depth or provide opportunities
for students to discuss them. Connections between mathematics and other subjects were less
frequent. Although most teachers engaged in activities to promote understanding, procedural
skills, and applications, we observed teachers balancing the three areas in less than half of the
classrooms observed. Teachers seemed to be most comfortable emphasizing mathematical pro-
cedures. Nevertheless, some lessons we observed incorporated challenging activities designed
to promote deeper understanding of mathematical concepts. These activities addressed authen-
tic settings for which students were asked to make assumptions and predict future outcomes.
All schools were well equipped with tools, manipulatives, and technology, but the extent to
which they were used to promote mathematical understanding differed. Finally, we observed
few teachers acting as facilitators to students who were working to develop their own solutions.

Equity and Diversity

All schools visited had systems in place to examine student performance and identify
low-performing students. On one hand, schools offered services to low-performing students,
including additional instruction time or support from mathematics specialists. On the other
hand, teachers lacked curriculum resources that provide opportunities for low-performing stu-
dents to work with visual presentations of mathematical ideas or computer-adaptive mathe-
matics software that regularly assesses student mathematics knowledge, tracks student growth,
and helps guide instruction. Schools also had effective systems for identifying ELs and stu-
dents with special needs, but the identification of gifted students was more informal. Almost
all schools visited implemented inclusion policies, but such policies were not accompanied by
differentiation in instruction in the classroom to ensure student access to the curriculum.

Content Knowledge

There was widespread perception that teachers were familiar with the content of the cur-
rent DoDEA standards but that they were not familiar with the CCR standards. There were
some concerns that teachers, especially at the elementary grade levels, lacked in-depth content
knowledge of mathematics or confidence in their knowledge. Principals reported that they had
difficulty hiring teachers with strong mathematics backgrounds when they had vacancies and

blamed DoDEA hiring policies for some of the problem.

Classroom Assessments

Teachers used a wide range of assessment techniques to monitor student progress. Although
the frequency and type of classroom assessment varied considerably across teachers, content-
focused assessment and assessments measuring procedural fluency were more prevalent than
assessments that tried to measure mathematical practices (e.g., processes and proficiencies).
Teachers made efforts to prepare students for the required summative tests, and that influenced
the ways they assessed students within their classrooms. Teachers indicated that they would
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need training on assessments that are aligned with the CCR standards when these standards
are adopted.

Instructional Leadership

DoDEA HQ has a strong voice in setting the instructional direction for schools in mathemat-
ics, and a number of administrators reported that their role was to carry out directions from
HQ. It appeared to us that principals and teachers shared some responsibility for instructional
leadership in mathematics daily. Principals reported engaging in learning walks, obtaining
PD for staff, and fostering collaboration among staff. However, principals did not always self-
identify and were not always identified by teachers as the instructional leaders in mathematics.
In many schools, mathematics instructional leadership fell informally to other individuals,
including the mathematics ISS, department chair, or individual teachers, depending on staff
capacities and expertise.

Administrator and Teacher Professional Development
Principals and teachers have received very little extended PD pertaining to mathematics since
the adoption of the 2009 DoDEA standards. Most reported a need for future PD to prepare

them for the CCR standards and, to a lesser extent, to understand specific mathematics topics.

STEM Opportunities

Most schools provided some STEM enrichment opportunities to their students, including
STEM clubs, STEM events (e.g., science fairs) and STEM activities integrated into the school
day (e.g., STEM lab). However, student access to STEM opportunities and coverage varied con-
siderably depending on staff expertise, resources, and proximity to STEM-rich organizations.

Recommendations

Move Quickly to Align Mathematics Curriculum, Assessments, and Support Services with
College and Career Readiness Standards

There are a number of steps that need to be taken to align all elements of the mathematics
program with the CCR standards, and DoDEA is well aware of the major challenges involved
in aligning textbooks, assessments, and continuing training and support. We do not know
the status of existing assessment and textbook contracts, but we know that school systems
usually take many months to study alternative curriculum materials or assessments before
deciding to make changes, and purchasing procedures can add additional time to the process.
One key intermediate step DoDEA might take is to provide more curriculum resources now,
before adoption of new textbooks and assessments. These resources could include a scope-
and-sequence document or a pacing guide to help teachers match lesson content from current
resources with grade-level standards in the CCR standards. Another step might be to provide
more online resources, including possibly online individual coaching and mentoring, or an
online forum for teachers to support one another with lesson materials and instructional ideas.
Below we highlight a few actions that might not be as obvious but are potentially valuable
according to the evidence we collected during this study.
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Provide Training to Teachers in Locating Online Resources

Many of the teachers we interviewed indicated that they were using online resources to supple-
ment textbooks and other materials available from DoDEA. It would be ideal for DoDEA to
ensure that its teachers are wise consumers of online instructional resources. As U.S. states and
districts move to implement the CCSS, more resources are being made available online. In
some cases, such as in New York, newly developed lesson materials are prepared in electronic
versions freely accessible to others. Within DoDEA, mathematics teachers are preparing and
sharing their own lesson videos designed to help students learn independently. All DoDEA
teachers should be able to access such resources and should receive training on how to judge
the quality and applicability of digital resources to meet their own instructional needs.

Help Districts Develop Messages for Parents

The exemplary LEAs we interviewed provided parent workshops as part of their CCSS imple-
mentation efforts. They reported that it was important to keep parents informed about cur-
ricular changes, and it was critical to offer them opportunities to familiarize themselves with
the skills their children would be asked to master and the kinds of lessons their children would
be receiving. Parent workshops can help educate and deflect potential criticism, and schools
should make efforts to inform their parent communities about the upcoming changes. Rather
than expect each school to create its own parent-education program, it would be more efficient
(and potentially more accurate) for DoDEA to prepare materials for parents and to develop
workshops to help schools communicate about the CCR standards in mathematics.

Support Teachers’ Efforts to Change Practice by Reducing Test-Based Accountability
Pressures

Many teachers reported to us that they felt pressure to prepare students to do well on the
TerraNova, the PSAT/NMSQT, and the SAT because results from these tests were used as
indicators of school progress. Moreover, it was common for us to see one or two goal statements
prominently displayed when we entered schools—improvement in mathematics outcomes and
reading outcomes—along with test scores reflecting change over time. Some teachers told us
that one of their concerns about the CCR standards is that teaching to the new standards
would not prepare their students adequately for existing standardized tests. We cannot quan-
tify the extent to which teachers’ perceptions of test-focused accountability will undermine
efforts to implement the CCR standards, but we consider it to be a real possibility. Under these
circumstances, DoDEA might want to consider ways to deflect these pressures, particularly if
there are plans to change assessments in the future. We cannot recommend a specific action
without knowing more about future plans for standardized testing, but a number of options
are possible; for example, it might be helpful to share examples of questions from CCSS-
aligned assessments, such as Smarter Balanced or Partnership for Assessment of Readiness for
College and Careers (PARCC), to help teachers understand the kinds of expectations DoDEA

has for student understanding in mathematics.

Provide Time and Resources for Sustained, High-Quality Professional Development for
Mathematics Instructional Support Specialists, Principals, and Teachers

DoDEA understands the importance of preparing staff to implement the CCR standards, and
it is already making efforts to provide training for key staff at all levels of the system. At least
on the surface, the plans that have been described to us seem to address most of the concerns
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that we heard from administrators and staff. We want to emphasize the importance of sustain-
ing this support over multiple years to help teachers continue to improve their understanding
of the standards and make changes to their teaching. The exemplary districts we interviewed
found it necessary to continue to support teachers for three years to change their instruc-
tion to align with the CCSS. We do not know DoDEA’s long-term strategy for PD related to
mathematics, but we encourage the leadership to sustain the support provided to teachers for a
minimum of two years and suggest that three years may be appropriate. It is harder to quantify
exactly how much training should be provided each year, but the exemplary LEAs had teacher-
leaders in every school who worked with their peers individually and in groups. Moreover, the
teacher- leaders met regularly with experts to foster their own development.

Prepare Teachers to Differentiate Instruction to Meet the Needs of Individual Learners
Another area in which additional PD may be warranted is differentiating instruction for stu-
dents with disabilities and students who are struggling with mathematics. Our observations
suggest that teachers made adjustments during lessons to help students who did not under-
stand the material, but they had not planned the lesson with alternatives in mind. As a resul,
their adaptations tended to be routine (e.g., explaining the procedure using similar words,
repeating the same type of problem with smaller numbers) rather than using an alternative
approach to make the material accessible. It is not easy to differentiate instruction in this
manner, and teachers everywhere struggle with the challenges of meeting the needs of each
student. DoDEA should assess the extent to which teachers struggle to meet their students’
needs in mathematics and provide targeted support where necessary.

Prepare Teachers to Incorporate Technology in Their Instruction

It would also be beneficial if PD addressed ways in which technology could be incorporated
effectively during classroom instruction. DoDEA invested significant resources to ensure
that classrooms are equipped with up-to-date technologies, yet teachers used them in a rudi-
mentary fashion. Future PD could include training teachers on how to integrate technology
in their teaching to promote student mathematics discourse, increase student collaboration,
and increase opportunities for students to express their understanding and present their new

knowledge.

Build School Capacity to Support Mathematics Reform

Although centralized DoDEA support for the CCR standards is vital, no reform will be suc-
cessful unless it brings about sustainable changes at the school level. School-based support is
important for a number of reasons. First, teaching is a highly “situated” activity, i.e., it depends
a great deal on the skills and personality of a given teacher and the set of students and resources
assembled in a specific classroom. Moreover, teachers learn from watching their peers teach
and talking to them about instructional challenges. Thus, it is hard to improve teaching from a
distance. Second, the improvement of educational practices is an ongoing task; it is not accom-
plished through a two-day training workshop or a couple of interactions with an expert coach
or mentor.

School leaders usually fill the role of instructional leaders because they are close at hand.
They are frontline experts who can bring their insights to bear directly on the teaching-
learning interaction in a given classroom over time. However, many principals are not math-
ematics content experts, and there appear to be gaps in terms of instructional leadership for
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mathematics. Thus, we think that DoDEA should find ways to bring additional instructional
leadership to teachers.

This might be accomplished in many ways. Some districts create mathematics teacher-
leader positions in each school. For this to happen, there would have to be an assigned indi-
vidual in each school who is knowledgeable about the CCR standards content and practice
standards and adept at supporting teachers in lesson development. Although district ISSs may
be able to provide such support, their geographic distribution is not optimal for providing the
ongoing support needed for implementing new standards. DoDEA might want to consider
supplementing the role of ISS with a mathematics specialist or mathematics teacher-leader at
each school who will work closely with district ISSs in the provision of teacher support. Cur-
rently, a few DoDEA schools have such mathematics specialists on their staff. Where they do
exist, principals and teachers were positive about the quality of support provided by the spe-
cialists and reported developing trusting relationships—the specialist was viewed as part of
the community. Teachers frequently sought their input regarding instruction and invited them
into their classrooms to observe and provide feedback.

In addition to assigning the CCR standards expert staff at the school, teachers should be
provided with ongoing opportunities for PD. These could include mathematics-team meet-
ings, where teachers address general issues regarding the CCR standards, as well as meetings
that cover specific CCR standards topics. Another approach is to build professional learn-
ing communities from which teachers create their own support networks. Such opportunities
allow colleagues to work together to improve their understanding and implementation of the
CCR standards. In addition, having active and reliable support in the form of professional
learning communities might help develop and maintain enthusiasm for the CCR standards at
schools, even as leadership or other staff changes.

An alternative that is closer to DoDEA’s current strategy is to have sufhicient mathematics
teaching expertise “on call” locally. DoDEA could consider modifying the use of mathematics
ISSs to better meet local conditions; for example, allocating more mathematics ISS positions to
geographically distributed districts or providing more travel resources so mathematics ISSs can
spend more time in schools. These changes might be paired with efforts previously described
to develop mathematics teacher-leaders or subject-matter specialists in each school. In addition,
online resources, such as the Teaching Channel, can help teachers with specific lesson ideas.

We do not think that there is single best strategy that DoDEA should employ every-
where; instead the organization will probably have to evolve a multipronged approach that
meets its unique circumstances. However it is accomplished, DoDEA should strive to find the
resources to enhance support services available to individual teachers to implement the CCR
standards in mathematics.

Investigate Possible Problems in DoDEA Hiring Practices and Reduce Obstacles to Hiring
Teachers with Strong Mathematics Expertise

A number of principals in overseas locations reported that they had difficulty hiring the most-
qualified staff, particularly staff with strong content knowledge in mathematics and other
STEM fields. We suggest that DoDEA investigate further to uncover the extent of this prob-
lem and, if it is widespread, try to develop policies and procedures to address it.
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Start Working with High Schools Now to Ensure Broad Support for Future the College and
Career Readiness Standards Implementation

DoDEA has engaged in various strategies to inform schools about the CCR standards, but
much of its communication efforts have targeted elementary schools. This is reasonable because
the reform is designed to roll out in different years, starting with the lower grade levels. At the
time of our visits, most high school teachers indicated that they had not heard much about
the CCR standards other than that DoDEA had adopted it. It was clear from the interviews
that high school teachers were concerned about how the CCR standards would affect their
students’ college preparation and overall mathematics programs. Some teachers at the high
schools were skeptical regarding the CCR standards. They were not convinced that the reform
would actually be extended to the high schools. One teacher recalled her experience with pre-
vious DoDEA reforms that were abandoned after several years of implementation, suggesting
that this might also happen to the CCR standards. As a result, we suggest that DoDEA send
clearer messages about its intentions, particularly at the high-school level, to promote buy-in
and support prior to implementation. These messages should address the positive aspects of
the CCR standards and how the standards will benefit high-school students, and they should
try to counter concerns that the new standards might harm students’ preparation for college.
Teacher buy-in and commitment to the CCR standards are critical because teachers are the
ones who must implement all curriculum and instructional changes.

Monitor the College and Career Readiness Standards Implementation and Outcomes
Previous research on school reform shows that level and quality of implementation are major
determinants of outcomes (Datnow, Borman, and Stringfield, 2000; Fullan, 1991; Vernez et
al., 2006). Hence, it is important to monitor changes in practices and strategies undertaken
by schools and teachers in order to identify problems and act to correct them. It is not real-
istic to expect schools to implement the CCR standards flawlessly from the outset. Schools
are likely to struggle and vary in their levels of implementation and success. We recommend
that DoDEA consider establishing a system to regularly collect information on school prac-
tices, as well as academic and nonacademic student outcomes (e.g., student scores on the
CCR standards—aligned assessments, student motivation, interest in mathematics). This could
be done through surveys, interviews, online logs, or other methods that would provide infor-
mation allowing DoDEA to monitor the CCR standards implementation, identify areas in
need of improvement at the system level, and provide timely and targeted support. At the
district and school levels, administrators and teachers could examine the data pertaining to
their own schools to inform their practices and identify needs for site-specific support. Another
advantage of establishing a monitoring system is that it would allow DoDEA to identify areas
in which the reform has been successful. This information could be shared with districts and
schools to promote buy-in as the reform expands to middle and high schools and broadens to
include ELA.

Next Steps

In addition to these specific recommendations, we identified a number of questions that
DoDEA might want to investigate as it continues to implement the CCR standards. Answers
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to these questions will help DoDEA determine its next steps to support full implementation
of the new standards.

How effective is the 2015-2016 training and support in preparing teachers to implement the
CCR standards in mathematics? As we understand it, the implementation strategy involves a
full-day orientation, four quarterly refresher training sessions, online support forums, online
school leader training, and ISS mentoring. It will be important to monitor these efforts and
find out whether they are having positive effects on teachers” knowledge, attitudes, and behav-
iors. This could lead to immediate improvements to address any identified shortcomings or
unanticipated needs.

What follow-on efforts are needed to support implementation in subsequent years? As we noted
above, information gathered during the implementation phase is critical for making midcourse
corrections to address problems, support growth, and set the stage for future reform. For exam-
ple, finding and sharing success stories is a powerful strategy for encouraging reluctant teachers
to begin to change their practices. The key to effective follow-through is good insights into the
kinds of obstacles and challenges that confront teachers who are attempting to implement the
CCR standards and the reasons for teachers’ reluctance to make changes.

Do the adoption of the CCR standards and accompanying changes in curriculum and instruc-
tion lead to better student outcomes? Ultimately, the test of the reform will be whether it leads
to better student outcomes, including higher achievement, graduation rates, and college and
career preparation. It is important to start planning now so DoDEA will be able to answer
these questions in the future. For example, it would be useful to administer an assessment that
is aligned with the CCR standards at the start of the reform to serve as a baseline for future
comparisons. We do not know how much flexibility DoDEA has to moditfy its current testing
regimen, but it would not be necessary to test all students on the new standards for the pur-
poses of monitoring; a random sample would provide a reasonable overall baseline. It is also
important to monitor implementation in terms of classroom practices to be able to associate
changes in outcomes with specific aspects of the implementation of the CCR standards.

What lessons can be learned for implementing the CCR standards in ELA? The experience
of implementing the CCR standards in mathematics can inform planned efforts to implement
the CCR standards in ELA in the coming year. It would be wise to monitor the mathemat-
ics implementation with this perspective in mind so those responsible for ELA can benefit
from the current efforts. If different people are responsible for ELA implementation, which is
likely the case, it would be unfortunate if they did not benefit from the lessons learned from
mathematics.
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Schools Visited

Table A.1
Schools Visited

Region

District

School Name

Americas

Europe

Pacific

Georgia and Alabama

Kentucky

New York, Virginia, and Puerto Rico

Isles

Kaiserslautern

Mediterranean

Japan

Korea

Okinawa

Fort Rucker Primary School
Fort Rucker Elementary School
Lincoln Elementary School
Lucas Elementary School

Fort Campbell High School
Antilles Elementary School
Antilles Middle School
Antilles High School
Lakenheath Elementary School
Lakenheath Middle School
Lakenheath High School
Ramstein Elementary School
Ramstein Middle School
Ramstein High School

Vicenza Elementary School
Vicenza Middle School
Vicenza High School

Sasebo Elementary School

E. J. King High School

Osan American Elementary School
Osan American Middle School
Osan American High School
Zukeran Elementary School
Lester Middle School

Kadena High School
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APPENDIX B

Demographics of Schools Visited

Table B.1
Student Characteristics of DoDEA Schools Visited and Rest of DoDEA Schools: Elementary Schools,
as Percentages

Characteristic Visited Not Visited
Gender
Male 50.9 51.2
Female 491 48.8

Race and ethnicity
White 48.1 47.5
Nonwhite and other 51.9 51.7
Special programs
ELs 19.6 12.5
Special needs 13.8 13.3

Reading proficiency

Grade 3 70.9 69.7
Grade 4 70.3 72.3
Grade 5 67.9 69.5

Mathematics proficiency

Grade 3 711 71.6
Grade 4 61.4 65.9
Grade 5 68.6 69.8

SOURCE: 2013-2014 DoDEA school report cards.
NOTE: Percentages may not add to 100 due to rounding.
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Zi:cliee:fCharacteristics of DoDEA Schools Visited and Rest of DoDEA Schools: Middle Schools, as
Percentages
Characteristic Visited Not Visited
Gender
Male 51.4 50.9
Female 48.6 491
Race and ethnicity
White 40.5 46.4
Nonwhite and other 59.5 53.6
Special programs
ELs 24.9 7.7
Special needs 9.3 11.9
Reading proficiency
Grade 6 791 77.9
Grade 7 78.5 78.4
Grade 8 81.2 78.8
Mathematics proficiency
Grade 6 69.0 68.5
Grade 7 78.1 75.1
Grade 8 78.7 77.8

SOURCE: 2013-2014 DoDEA school report cards.
NOTE: Percentages may not add to 100 due to rounding.
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Table B.3
Student Characteristics of DoDEA Schools Visited and Rest of DoDEA Schools: High Schools, as
Percentages

Characteristic Visited Not Visited
Gender
Male 49.8 51.2
Female 50.2 48.8

Race and ethnicity
White 45.7 45.8
Nonwhite and other 54.3 54.2

Special programs

ELs 9.3 14.9
Special needs 9.7 8.9
Reading proficiency (grade 9) 83.5 82.7
Mathematics proficiency (grade 9) 76.9 78.0

SOURCE: 2013-2014 DoDEA school report cards.
NOTE: Percentages may not add to 100 due to rounding.






APPENDIX C

Artifact and Observation Rubric

Table C.1

Mathematics Lesson Artifact and Observation Rubrics

Context

Grade Level/Subject:

Number of Students:

Organization (whole group, centers, individualized):

Recent Math Content:

I. Clarity of Lesson Objectives

The teacher communicated clear mathematical learning goal(s) for the lesson.

If the teacher articulates mathematical learning goal(s) for the lesson, please write them here:

Low

Mid

High

The teacher communicates no
mathematical learning goal for
the lesson.

Artifact examples:
Lesson objective is not written
into lesson plans.

Observation examples:

Lesson objective is not written
on the board, verbalized by the
teacher, or shared with students
in some way during the lesson.

The teacher communicates
mathematical learning goal(s)
for the lesson, but a majority
of the work does not focus on
mathematical concepts or
processes that are connected to
these goals.

Artifact examples:

Lesson objective is written into
lesson plans. However, most
planned classroom activities
do not help students work
toward the learning goals.

Observation examples:

Lesson objective is written on

the board, verbalized by the
teacher, or shared with students

in some way. However, most
classroom activities do not help
students toward the learning goals.

The teacher communicates
mathematical learning goal(s)

for the lesson. The majority of

the work and activities support
students’ work toward these goals.

Artifact examples:

Lesson objective is written into
lesson plans. Most planned
classroom activities help students
work toward the learning goals.

Observation examples:

Lesson objective is written on the
board, verbalized by the teacher, or
shared with students in some other
way. Most classroom activities help
students work toward learning goals.

Observation Rating (Circle one): Low Mid High
Evidence:
Artifact Rating (Circle one): Low Mid High
Evidence:
Overall Rating (Circle one): Low Mid High
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Table C.1—Continued

Il. Lesson Structure and Coherence
The lesson is coherently and logically organized to support student conceptual understanding of

mathematics.

Low

Mid

High

Lesson is not coherent or
logically organized. Classroom
activities are not clearly related
to one another.

Artifact examples:

Lesson plan does not contain
a clear sequence of planned
activities that help to develop
a mathematical idea or set of
related ideas.

Observation examples:

Board work is disorganized

and incoherent, and it is difficult
to follow the logical development
of a mathematical idea or set of
related ideas during the course
of the class period.

Lesson is coherent and logically
organized. However, the lesson does
not promote connections between
mathematical procedures and larger
mathematics concepts or ideas.

Artifact examples:

Lesson plan contains a logical
sequence of planned activities.
However, these activities focus
only on procedures and make

no attempt to connect to larger
mathematical ideas or concepts.
For example, division of fractions
is presented using a “flip and
multiply” procedure. Or linear
relationships are taught using “rise
over run” mnemonic, but

the conceptual ideas behind

these procedures are not discussed.

Observation examples:

Board work or classroom
activities are clearly organized.
However, the focus of this
classroom work is primarily on
the development of skills, and
no effort is made to connect
skills to larger mathematics
concepts or ideas.

Lesson is conceptually coherent
throughout; activities are related
mathematically and build on one
another in a logical manner. Lessons
are organized to allow students

to make meaningful connections
between concepts and procedures.

Artifact examples:

Lesson plans show evidence that
activities are intentionally sequenced,
and the sequence logically develops

a mathematical idea or set of related
ideas. For example, slope is presented
and developed as a rate of change.
The graph of a line is presented as a
representation of all solutions to a
linear equality.

Observation examples:

Board work or classroom
activities are clearly organized
and help to foster student
understanding. Classroom
activities are organized to
develop connections between
skills, procedures, and concepts.

Observation Rating (Circle one): Low Mid High
Evidence:
Artifact Rating (Circle one): Low Mid High
Evidence:
Overall Rating (Circle one): Low Mid High
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lll. Student Explanations

Artifact and Observation Rubric 59

Teacher uncovers student thinking, explanations, or justifications (including students’
misconceptions) about mathematical content and concepts.

Low

Mid

High

No evidence of teacher intentions
or work to uncover student
thinking, explanation, or
justifications about mathematical
content/concepts.

Artifact examples:

Plans, handouts, assignments,
or assessments may ask
students to “show their work,”
but prompts are intended to
elicit bounded, procedural
responses.

Observation examples:

Any questions or activities

are intended to elicit short,
bounded, procedural answers
verbally or on the board (e.g.,
“25,” “divide by 8,” “The formula
for finding the area of a triangle
is...,” or showing procedural
work for solving a problem on
the board). When students share
work on the blackboard, they
share only solutions and solution
steps, and their ideas are not
developed and refined through
class discussion.

Evidence of teacher work to
uncover student thinking,
explanation, or justifications
about mathematical content or
concepts. However, “the student
proposes, the teacher disposes”;
the teacher does not facilitate
discussion to explore or build

on students’ ideas, when
potentially valuable. Likewise,
the teacher may correct students’
misconceptions but does not
promote or foster exploration

of underlying causes of these
misunderstandings.

Artifact examples:

Plans, handouts, assignments

or assessments contain

prompts for students to explain
their thinking. However, artifacts
do not provide evidence that

the teacher intends for students
to respond to one another’s ideas
or build on them.

Observation examples:

At least some questions probe
students to go beyond short,
procedural answers and are
intended to elicit explanations,
reasoning, conjectures, and
justifications. However, in

the observations, teachers do not
ask follow-up questions or ask
other students to share their
perspectives in order to clarify,
elaborate, or build on students’
initial responses. In the same vein,

if students make errors, the teacher
may correct those errors or prompt

them to give a different answer.
But the teacher does not ask
questions prompting students to
reconsider their misconceptions

(e.q., “Do you agree or disagree?”

“Will that always be true?” “Can
you think of a counterexample?”).

Evidence of teacher work to uncover
student thinking, explanation, or
justifications about mathematical
content/concepts. In addition, the
teacher intends for students to
explain and defend their ideas and
reasoning or to respond to, clarify,
or build on one another’s ideas.
This may include classroom work
exploring the underlying causes of
student misconceptions.

Artifact examples:

Plans, handouts, or assignments
consistently contain prompts
that ask students to explain their
thinking. In addition, artifacts
provide evidence of the teachers’
interest in uncovering underlying
misconceptions or intention for
students to defend their ideas or
respond to one another’s ideas.

Observation examples:

Teacher questions probe students

to go beyond short, procedural
answers to provide explanations,
reasoning, conjectures, and
justifications. In addition, teachers
ask follow-up questions or ask other
students to provide their perspectives
in order to clarify, elaborate or
build on students’ initial response or
uncover and explore misconceptions.

Observation Rating (Circle one): Low Mid High
Evidence:
Artifact Rating (Circle one): Low Mid High
Evidence:
Overall Rating (Circle one): Low Mid High
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Table C.1—Continued

IV. Connections Between Concepts Within a Grade Level or Across Grade Levels
The teacher helps students connect current learning with other important mathematics within or

across grade levels.

Low

Mid

High

No connections are made to
other mathematics concepts

(for example, to prior skills or
knowledge); or connections are
made that were inappropriate or
incorrect.

Artifact examples:

Lesson plans, written assignments,
handouts, or assessments

contain no tasks, prompts,

or activities that encourage
students to see connections

to other mathematical ideas

or concepts.

Observation examples:

During class discussion, teacher
or students make no connections
to other mathematics or make
connections to other mathematics
that are incorrect or unjustified
mathematically.

Teacher explicitly connects lesson
content to other important
mathematics, but there is no
deep exploration of those
connections.

Artifact examples:

Lesson plans, written assignments,
handouts, or assessments

contain connections to other
mathematics, but these
connections are cursory.

Observation examples:

During class discussion, the
teacher brings up connections
(e.g., “Yesterday we did adding
fractions with like denominators;
today we will do subtracting

fractions with like denominators”).

However, the students do not
initiate, develop, or explore
those connections themselves.

Teacher explicitly includes one

or more connections between

lesson content and other important
mathematics, and the lesson activities
purposefully engaged students in
exploration of those connections.

Artifact examples:

Lesson plans, written assignments,
handouts, or assessments contain
tasks and prompts that require
students to make connections
between concepts and to explain
or articulate these connections.

Observation examples:

During class discussion, students
initiate, develop, or explore
meaningful connections to
other mathematics.

Observation Rating (Circle one): Low Mid High
Evidence:
Artifact Rating (Circle one): Low Mid High
Evidence:
Overall Rating (Circle one): Low Mid High
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V. Connections Between Different Disciplines
The lesson encourages students to connect mathematics to other disciplines.

Artifact and Observation Rubric 61

Low

Mid

High

No connections are made to
other disciplines; or connections
were made that are inappropriate
or incorrect.

Artifact examples:

Lesson plans, written assignments,
handouts, or assessments

contain no tasks, prompts, or
activities that encourage students
to see connections to other
disciplines.

Observation examples:

During class discussion, teacher or
students make no connections

to other disciplines or make
connections to other disciplines
that are incorrect or unjustified
mathematically.

Teacher explicitly connects lesson
content to other disciplines, but
there is no deep exploration of those
connections.

Artifact examples:

Lesson plans, written assignments,
handouts, or assessments contain
connections to other disciplines,
but these connections are cursory.

Observation examples:

During class discussion, the teacher
brings up connections. However, the
students do not initiate, develop,

or explore those connections
themselves.

Teacher explicitly includes one or
more connections between lesson
content and other disciplines, and the
lesson activities purposefully engage
students in exploration of that
connection.

Artifact examples:

Lesson plans, written assignments,
handouts, or assessments contain
tasks and prompts that require
students to make connections to
other disciplines and to explain or
articulate these connections.

Observation examples:

During class discussion, students
initiate, develop, or explore
meaningful connections to other
disciplines.

Observation Rating (Circle one): Low Mid High
Evidence:
Artifact Rating (Circle one): Low Mid High
Evidence:
Overall Rating (Circle one): Low Mid High
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Table C.1—Continued

VI. Cognitive Challenge

The teacher engages students in cognitively challenging tasks and encourages students’ productive
struggle with those tasks (e.g., making sense of and solving unfamiliar problems, reasoning
mathematically, describing mathematical patterns, or constructing mathematical arguments).

Low

Mid

High

No evidence of teacher
intentions to engage students
in cognitively challenging
tasks.

Artifact examples:

Plans or assignments do

not contain any cognitively
challenging tasks. Instead,
plans and assignments focus on
work in which students apply
memorized procedures or
work on routine problems.

Observation examples:

The teacher does not provide
students with cognitively
challenging tasks. For
example, the teacher tells
students exactly what
procedure to use to solve

a problem, sets up problems
for students from the outset,
or asks students to do problems
that they may already know
how to solve.

Evidence of teacher intentions
to engage students in one or
more cognitively challenging
task. However, no evidence

or only momentary evidence
that teachers encourage and
support students to engage in
productive struggle with these
tasks.

Artifact examples:

Lesson plans, handouts,
assessments, or assignments
contain cognitively
challenging tasks, although
no compelling evidence that
the teacher plans for students
to persevere in completing
those tasks. E.g., homework
could contain optional
“challenge” problems, or
lesson plans may propose
cognitively challenging tasks
without providing evidence
that the teacher is thinking
about appropriate scaffolding
for the tasks without solving
the problem for students.

Observation examples:

For a small portion of the
lesson, the teacher provides
students with some challenge
in determining how to set
up or solve a problem. The
teacher pushes for quick
solution of the problems,
cutting short students’ work
to solve it or not giving them
enough time to solve it.

Evidence of teacher intention to engage
students in one or more cognitively
challenging tasks, as well as more than
momentary evidence that the teacher
encourages and supports students to engage
in productive struggle with these tasks.

Artifact examples:

Beyond plans and assignments that contain
cognitively challenging tasks, some evidence
that students are expected to persevere in
completing those tasks (e.g., a cognitively
challenging homework assignment required
of all students, an assessment in class that
includes cognitively challenging problems).

Observation examples:

The teacher provides students with some
challenge in determining how to set up or
solve a problem. Additionally, the majority
of students persevere in trying to solve the
problem beyond a brief moment, and some
solve the problem, although the teacher may
eventually intervene to solve the problem.

Observation Rating (Circle one): Low Mid High
Evidence:
Artifact Rating (Circle one): Low Mid High
Evidence:
Overall Rating (Circle one): Low Mid High
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VII. Modeling with Mathematics

Artifact and Observation Rubric 63

The teacher helps students apply mathematics to real-world contexts and to solve problems arising in
everyday life, society, and the workplace.

Low

Mid

High

Students are not required to
apply the mathematics they know
to solve problems arising in
everyday life, society, and the
workplace.

Artifact examples:

Lesson plans, written assignments,
handouts, or assessments

contain no problems or activities
that require students to use
mathematics to model situations
that arise in everyday life.

Observation examples:

During class discussion, the
teacher uses a story problem

to illustrate a situation but does
not involve students in actively
working on the problem.

Students are provided with
some opportunities to apply the
mathematics they know to solve
problems arising in everyday life,
society, and the workplace, but
these opportunities may be
superficial or inauthentic.

Artifact examples:

Homework could contain
“application” problems that

are unrealistic or require

little thinking on the part of the
student (e.g., simple application
of memorized procedures for a
word problem that is little more
than a procedural problem with
words around it).

Observation examples:

At least some instructional
time during the lesson is spent
work on applied (real-world)
problems, although that work
is brief (5 minutes or less). Or
application problems are
unrealistic or require

little thinking on the part

of the student (e.g., simple
application of memorized
procedures for a word problem
that is little more than an
procedural problem with
words around it).

Students are required to apply
the mathematics they know to
solve authentic, realistic problems
arising in everyday life, society,
and the workplace.

Artifact examples:

Homework contains “application”
problems that are realistic and
require students to thoughtfully
apply mathematics to real-world
situations or contexts.

Observation Examples:

Modeling problems comprise a
substantial portion of the class

(more than 5 minutes). Modeling
problems are realistic and require
students to thoughtfully apply
mathematics to real-world situations.
Modeling may include using a short
word problem from a mathematics
text; figuring out among four recipes
the proportion of orange juice and
water that makes a mixture more
orangey; or figuring out which is

the best phone-call plan among
three plans representing a linear,
proportional, and stepwise function.

Observation Rating (Circle one): Low Mid High
Evidence:
Artifact Rating (Circle one): Low Mid High
Evidence:
Overall Rating (Circle one): Low Mid High
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Table C.1—Continued

VIIl. Responsiveness to Diverse Student Needs
The teacher is responsive to diverse students’ needs and proficiencies, including necessary
accommodations for special needs students or ELs.

Low

Mid

High

The teacher does not provide
differentiated opportunities for
students to engage in tasks or
activities.

Artifact examples:

Lesson plans, handouts, or
assignments give no indication
of differentiated opportunities
for students at different levels.

Observation examples:

The teacher gives all students in
the class the same tasks or work,
using the same approaches,
without providing adaptations
or scaffolding to help students
atvarying levels persevere in
solving problems.

The teacher provides at least

one differentiated opportunity
for students, although the majority
of tasks are not differentiated or
intended to address the needs

of students at varying levels of
proficiency. When tasks are not
differentiated, the teacher does
not respond to student needs or
cues for additional support during
the lesson.

Artifact examples:

Lesson plans, handouts, or
assignments provide plans for

at least one differentiated
opportunity for students at
different proficiency levels (e.g.,
plans for additional challenging
activities for some students or
adaptations or additional support
for those who are having trouble).
However, the majority of lesson
tasks are not differentiated.

Observation examples:

The teacher provides at least

one differentiated opportunity
for students, including—but not
limited to—additional challenging
activities for some students or
adaptations or additional support
for those who are having trouble.
However, when students appear
to be having trouble, the teacher
is unwilling or unable to support
those students.

The teacher provides consistent
differentiated opportunities for
students at different proficiency
levels to engage in tasks or activities.
However, if some tasks are not
differentiated, the teacher responds
to student needs or cues for
additional support during the lesson.

Artifact examples:

The majority of tasks or activities
in lesson plans, handouts, or
assignments provide differentiated
opportunities for students at
different proficiency levels (e.g.,
plans for additional challenging
activities for some students or
adaptations or additional support
for those who are having trouble).

Observation examples:

The majority of lesson activities

or tasks provide differentiated
opportunities for students,
including—but not limited to—
additional challenging activities for
some students or adaptations or
additional support for those who
are having trouble. For example, a
teacher may have students work at
centers or may use technology that
allows for individualized instruction.
Even if the majority of tasks are

not differentiated, the teacher

is responsive to student cues for
support if they are having difficulty
with an activity.

Observation Rating (Circle one): Low Mid High
Evidence:
Artifact Rating (Circle one): Low Mid High
Evidence:
Overall Rating (Circle one): Low Mid High



Table C.1—Continued

IX. Appropriate Use of Tools

Artifact and Observation Rubric 65

The teacher provides students with appropriate technology or other tools that support students’

thinking, reasoning, and learning.

Low

Mid

High

The teacher did not provide
students with technological or
other tools intended to support
student learning.

Observation examples:
Calculators, computers,
or manipulatives are not
available.

The teacher may have
provided students with
technological or other tools
intended to support student
learning. However, the tools
do not clearly enhance
students’ thinking and
reasoning and may serve as

a distraction that compromises
that thinking and reasoning.

Observation examples:
Calculators, computers, or
manipulatives are available,
but students do not use these
tools productively to solve
problems.

The teacher provides students with
technological or other tools during the
lesson intended to support student
learning. The tools provided by the
teacher are appropriate and accessible
and clearly enhanced students’ thinking
and reasoning.

Observation examples:
Calculators, computers, or
manipulatives are available,
and students used these tools
productively to solve problems.

Observation Rating (Circle one): Low Mid High
Evidence:
Artifact Rating (Circle one): Low Mid High
Evidence:
Overall Rating (Circle one): Low Mid High
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Table C.1—Continued

X. Student Engagement with Mathematical Content
The teacher makes an effort to support students’ engagement with the mathematical content
of the lesson, or there is evidence that classroom norms and participation structures promoting
engagement have been previously established.

Low

Mid

High

There is differential engagement
or participation in mathematical
content, and no apparent efforts
or established classroom norms to
address this issue.

Observation examples:

Teacher calls only on volunteers
or does not check in with
student groups or individual
students. Some students are
disengaged or marginalized,
and this differential access is
not addressed. Nor is there
evidence of established classroom
norms that support students to
share their responses and ideas
(e.g., expectations of students
to share and contend with one
another’s responses).

There is differential engagement
or participation, but the teacher
makes effort to engage students
in the mathematical content of
the lesson, although it is not clear
whether there are established
participation structures or
classroom norms that support
students to share their ideas.

Observation examples:

Teacher attempts to involve all
students on occasion by calling

on nonvolunteers, and checking in
with student groups, checking in
with quiet students. But teacher
attempts may appear sporadic
rather than systematic. There

is not clear evidence of established
classroom norms that support
students to share their responses
and ideas.

The teacher actively supports and,
to some degree, achieves broad

and meaningful mathematical
engagement or what appear to

be established participation
structures and established classroom
norms result in such engagement.

Observation examples:

Teacher attempts to involve all
students consistently by calling

on nonvolunteers, and checking in
with most student groups, checking
in with quiet students. There is
some evidence of classroom norms
for students to share their responses
and ideas.

Observation Rating (Circle one): Low Mid High
Evidence:
Artifact Rating (Circle one): Low Mid High
Evidence:
Overall Rating (Circle one): Low Mid High
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XI. Formative Assessment

Artifact and Observation Rubric 67

Questions, tasks, or assessments do not yield data that would allow the teacher to assess students’
progress toward the learning goals.

Low

Mid

High

The teacher does not assess
student progress toward
learning goals through
questions, tasks, or assessments.

Artifact examples:

No evidence that the teacher
intended to assess student
understanding or progress
during the lesson via informal
questioning of all students, a
short quiz or assessment, or
another means. Homework
assignments—on their own—
do not constitute formative
assessment unless you have
clear indication that the teacher
used homework to understand
the extent to which students
understood or were progressing
toward learning goals for the
lesson.

Observation examples:

No evidence that the teacher
assesses student understanding
or progress during the lesson
via informal questioning of all

students, a short quiz or assessment,
or another means. A problem that

launches an activity or a lesson
(such as a “Do Now"-type
problem—does not constitute
formative assessment unless
you have a clear indication that
the teacher intends to use this

problem to surface or summarize

student misunderstandings and
misconceptions.

The teacher assesses or partially
assesses student progress toward
learning goals through questions,
tasks, or assessments.

Artifact examples:

Some evidence that the teacher
intends to assess student
understanding or progress during

The teacher assesses students’
progress toward learning goals
through questions, tasks, or
assessment. In addition to assessing
student progress, questions, tasks,
or assessments also pinpoint where
understanding breaks down.

Artifact examples:

the lesson via informal questioning Some evidence that the teacher

of all students, a short quiz or
assessment, or another means.

Observation examples:
Evidence that the teacher assesses

student understanding or progress

during the lesson via informal
questioning of all students, a
short quiz or assessment, or
another means. Students may
use software that provides
teachers with diagnostic
information about student
performance or understanding,
but there is limited evidence of

how teachers use this information.

intends to assess student
understanding or progress during the
lesson via informal questioning of all
students, a short quiz or assessment,
or another means. In addition,
evidence that assessment is intended
to help the teacher note common
student errors or misunderstandings
that might be further addressed
through additional instruction.

Observation examples:

Evidence that the teacher assesses
student understanding or progress
during the lesson via informal
questioning of all students, a short
quiz or assessment, or another
means. In addition, assessment of
student understanding helps the
teacher note common student errors
or misunderstandings that could be
further addressed through additional
instruction. Teacher may use
instructional tools, such as clickers,
to monitor student understanding,
or there may be a clear indication
that teacher uses data generated by
instructional software (such as IXL)
to assess student understanding or
progress.

Observation Rating (Circle one): Low Mid High
Evidence:
Artifact Rating (Circle one): Low Mid High
Evidence:
Overall Rating (Circle one): Low Mid High






APPENDIX D
Observation Ratings

Table D.1

Observation Ratings, as Percentages

Observation Low Mid High
Clarity of lesson objectives (N = 46) 63.0 6.5 30.4
Lesson structure and coherence (N = 47) 6.4 53.2 40.4
Student explanations (N = 47) 53.2 29.8 17.0
Connections between concepts within a grade level or 51.1 46.8 2.1

across grade levels (N = 47)

Connections between different disciplines (N = 47) 83.0 17.0 0.0
Cognitive challenge (N = 47) 447 25.5 29.8
Modeling with mathematics (N = 47) 51.1 21.3 27.7
Responsiveness to diverse student needs (N = 47) 51.1 34.0 14.9
Appropriate use of tools (N = 47) 17.0 447 38.3
Student engagement with mathematical content (N = 47) 25.5 38.3 36.2
Formative assessment (N = 47) 29.8 53.2 17.0

NOTE: Percentages may not add to 100 due to rounding.
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APPENDIX E

Artifact Ratings

Table E.1
Artifact Ratings, as Percentages

Artifact Low Mid High
Clarity of lesson objectives (N = 39) 48.7 20.5 30.8
Lesson structure and coherence (N = 38) 39.5 34.2 26.3
Student explanations (N = 39) 59.0 28.2 12.8
Connections between concepts within a grade level or across grade 76.9 20.5 2.6
levels (N = 39)

Connections between different disciplines (N = 40) 90.0 10.0 0.0
Cognitive challenge (N = 38) 50.0 39.5 10.5
Modeling with mathematics (N = 37) 48.7 32.4 18.9
Responsiveness to diverse student needs (N = 39) 79.5 18.0 2.6
Appropriate use of tools N/A N/A N/A
Student engagement with mathematical content N/A N/A N/A
Formative assessment (N = 38) 63.2 26.3 10.5

NOTE: Percentages may not add to 100 due to rounding.
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APPENDIX F
Survey Findings

1. Which mathematics standards are your students expected to meet this school year (2014-2015)? (N = 699)

Overall Americas Pacific Europe
My students don’t have to meet mathematics 0.6 0.4 0.0 0.9
standards this year
DoDEA mathematics standards 95.4 97.4 94.8 94.4
CCR standards for mathematics (i.e., Common Core 2.0 0.9 3.5 2.3
State Standards for mathematics)
I don’t know which mathematics standards apply 2.0 1.3 1.7 2.5

this year

NOTES: All data in this appendix are given as percentages. Percentages may not add up to 100 due to rounding.

2. How familiar are you with the mathematics standards that your students are expected to meet this year
(2014-2015)? (N = 678)

Overall Americas Pacific Europe

I am unfamiliar or only slightly familiar with the 1.3 1.3 0.0 1.8
mathematics standards.

I have a general understanding of the 5.5 4.0 6.3 6.2
mathematics standards, but | am not familiar

enough with the details to use them in the

development of lessons and assessments.

| understand the details of the mathematics 28.9 26.7 241 32.0
standards well enough to use them in the

development of lessons and assessments but not

well enough to explain the standards thoroughly

to colleagues.

| understand the details of the mathematics 64.3 68.0 69.6 60.1
standards well enough to use them in the

development of lessons and assessments, as

well as explain the standards thoroughly to

colleagues.

NOTES: All data in this appendix are given as percentages. Percentages may not add up to 100 due to rounding.
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3. How prepared are you—in terms of your knowledge and skills—to teach your students the mathematics
standards they are expected to meet? (N = 677)

Overall Americas Pacific Europe
Not at all prepared 0.6 0.9 0.0 0.6
Slightly prepared 3.1 2.7 1.8 3.8
Moderately prepared 21.7 22.6 20.7 21.5
Very prepared 74.6 73.9 77.5 741

NOTES: All data in this appendix are given as percentages. Percentages may not add up to 100 due to rounding.

4.1n 2014-2015, how much do you emphasize the following instructional strategies to help students become
mathematical thinkers and master the mathematics standards? (N = 600-602)

None Minor Moderate Major
Asking students to solve Overall 0.8 9.0 43.2 47.0
unfamiliar problems that require
mathematical thinking Americas 0.0 8.8 39.4 51.8
Pacific 0.0 5.9 52.5 41.6
Europe 1.6 10.1 42.5 45.8
Having students practice Overall 2.0 13.8 35.4 48.8
computation to develop fluency
Americas 1.6 9.8 33.2 55.4
Pacific 2.0 17.8 337 46.5
Europe 2.3 14.9 37.3 45.5
Making connections between Overall 0.7 7.6 37.4 54.3
key mathematical concepts at my
grade level(s) or in my course(s) Americas 0.0 9.3 321 58.6
Pacific 0.0 5.9 41.6 52.5
Europe 1.3 7.1 39.3 52.3
Asking students to review each Overall 16.6 375 33.4 12.5
other’s work
Americas 11.9 39.9 39.9 8.3
Pacific 15.8 337 30.7 19.8
Europe 19.8 37.3 30.2 12.7
Making connections with key Overall 4.5 18.2 43.0 34.3
mathematical concepts at lower or
higher grade levels Americas 2.6 15.1 45.8 36.5
Pacific 4.0 20.8 36.6 38.6
Europe 5.9 19.2 43.3 31.6
Applying mathematical principles Overall 0.7 10.5 34.2 54.7
in real-world settings
Americas 1.0 6.2 37.3 55.4
Pacific 0.0 7.9 28.7 63.4

Europe 0.7 14.0 341 51.3
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None Minor Moderate Major
Giving tests and quizzes to find Overall 4.0 17.1 40.3 38.6
out what students have learned
Americas 3.6 16.1 42.0 38.3
Pacific 4.0 20.8 44.6 30.7
Europe 4.2 16.6 37.8 41.4
Asking students to explain their Overall 0.7 5.8 28.4 65.1
thinking
Americas 0.5 4.7 30.1 64.8
Pacific 0.0 8.9 25.7 65.4
Europe 1.0 5.5 28.3 65.3
Using correct mathematical Overall 0.8 3.0 26.6 69.6
terminology
Americas 0.5 2.1 23.8 73.6
Pacific 0.0 5.9 24.8 69.3
Europe 1.3 2.6 28.9 67.2
Making connections between Overall 1.0 18.3 40.4 40.4
mathematics and other subjects
Americas 1.0 13.5 44.0 41.5
Pacific 0.0 20.8 40.6 38.6
Europe 1.3 20.5 38.0 40.3
Having students use tools and Overall 1.0 12.5 40.4 46.2
technology in class to support
their mathematics learning Americas 1.0 5.7 43.0 50.3
Pacific 1.0 12.9 34.7 51.5
Europe 1.0 16.6 40.6 41.9
Explaining mathematical Overall 2.7 15.1 37.9 44.4
principles
Americas 1.6 14.0 35.2 49.2
Pacific 0.0 16.8 36.6 46.5
Europe 4.2 15.3 39.9 40.6
Using informal questions to Overall 0.3 5.5 35.2 59.0
assess student understanding
Americas 0.5 5.2 35.2 59.1
Pacific 0.0 4.0 36.6 59.4
Europe 0.3 6.2 34.7 58.8
Showing students how to Overall 0.8 9.0 43.2 47.0
apply mathematical procedures
to solve problems Americas 0.5 4.2 24.4 71.0
Pacific 0.0 5.9 38.6 55.5
Europe 1.6 5.2 32.1 61.0

NOTES: All data in this appendix are given as percentages. Percentages may not add up to 100 due to rounding.
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5.1n 2014-2015, how frequently do you do each of the following activities to adjust instruction to meet the
needs of individual students in your mathematics classes (including students with disabilities and English
learners)? (N = 587-591)

Never 1-2 per Year 1-2 per Month 1-2 per Week 1+ per Lesson
Review assessment Overall 0.0 3.4 27.6 42.0 271
results to identify
individual students Americas 0.0 2.1 24.7 51.1 221
who need
supplemental Pacific 0.0 3.0 31.3 374 28.3
instruction
Europe 0.0 4.3 28.2 37.8 29.8
Plan different Overall 0.0 2.7 14.3 50.3 32.8
assignments
or lessons for Americas 1.0 5.1 22.2 44.4 27.3
individuals or
groups of students Pacific 2.3 4.7 20.3 45.0 27.7
based on their
performance Europe 0.0 2.7 14.3 50.3 32.8
Have a teacher Overall 35.8 2.4 5.8 30.3 25.7
aide provide help
to individuals or Americas 36.7 2.7 3.2 31.9 25.5
groups of students
during classroom Pacific 39.8 6.1 9.2 28.6 16.3
instruction
Europe 33.9 1.0 6.3 29.9 28.9
Provide help Overall 20.8 6.8 16.8 39.0 16.7
to individual
students outside Americas 24.9 7.9 16.9 36.0 14.3
of class time
Pacific 16.3 5.1 18.4 43.9 16.3
Europe 19.6 6.6 16.3 39.2 18.3
Work one-on-one Overall 1.1 1.1 2.7 31.8 63.5
with a student
during class Americas 0.0 1.0 2.0 32.3 64.7
Pacific 1.3 0.7 5.0 35.1 58.0
Europe 1.1 1.1 2.7 31.8 63.5
Translate lessons or Overall 79.8 5.9 4.2 5.9 4.1
assignments into
other languages Americas 80.5 3.7 3.7 5.8 6.3
Pacific 75.5 9.2 9.2 5.1 1.0
Europe 80.8 6.3 3.0 6.3 3.6
Review student Overall 6.3 30.5 32.7 18.5 12.0
Individual Education
Plan to understand Americas 4.7 26.3 31.6 19.5 17.9
student strengths
and challenges Pacific 6.1 30.6 40.8 14.3 8.2
Europe 7.3 33.1 30.8 19.2 9.6
Talk with parent or Overall 0.9 16.9 50.1 24.9 7.3
guardian about
how to support Americas 0.5 13.2 47.9 28.4 10.0
student learning
Pacific 0.0 16.2 49.5 26.3 8.1
Europe 1.3 19.5 51.7 22.2 5.3

NOTES: All data in this appendix are given as percentages. Percentages may not add up to 100 due to rounding.
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6. Did you receive any professional development this school year (including the summer of 2014)? (N = 588)

Overall
Yes 66.3
No 33.7

NOTES: All data in this appendix are given as percentages. Percentages may not add up to 100 due to rounding.

7. How much has your professional development in mathematics focused on the following topics this school
year (2014-2015, including summer 2014)? (N = 383-386)

None Minor Moderate Major
Content of the mathematics Overall 27.2 27.7 23.3 21.8
standards
Americas 22.5 30.5 25.8 21.2
Pacific 29.3 27.6 241 19.0
Europe 30.5 25.4 20.9 23.2
Instructional strategies for Overall 23.6 23.4 26.8 26.2
teaching students to meet
the mathematics Americas 19.2 25.8 25.8 29.1
Pacific 36.2 22.4 22.4 19.0
Europe 23.3 21.6 29.0 26.1
Development of classroom Overall 34.6 26.8 25.0 13.5
assessments
Americas 30.5 29.8 25.8 13.9
Pacific 45.6 19.3 21.1 14.0
Europe 34.7 26.7 25.6 13.1
Use of assessment data to Overall 19.8 21.7 28.7 29.8
inform instruction
Americas 16.6 19.2 31.1 33.1
Pacific 28.1 22.8 28.1 21.1
Europe 20.0 23.4 26.9 29.7
Use of student work Overall 23.8 28.2 25.3 22.7
examples to inform
instruction Americas 20.0 26.0 30.7 23.3
Pacific 29.8 28.1 19.3 22.8
Europe 25.0 30.1 22.7 22.2
Using technology to support Overall 25.3 28.5 27.2 19.1
student mathematics
learning Americas 23.2 23.2 311 22.5
Pacific 31.6 36.8 21.1 10.5

Europe 251 30.3 25.7 18.9
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Differentiation of Overall 30.0 211 27.3 21.6

instruction for students at

different achievement levels Americas 23.8 19.2 31.8 25.2
Pacific 35.1 28.1 21.1 15.8
Europe 33.5 20.5 25.6 20.5

Differentiation of Overall 55.5 23.4 11.5 9.6

instruction for ELs

Americas 57.0 20.5 12.6 9.9
Pacific 52.6 26.3 12.3 8.8
Europe 55.1 25.0 10.2 9.7
None Minor Moderate Major

Differentiation of Overall 47.3 24.5 16.5 11.8

instruction for students with

disabilities Americas 427 23.3 19.3 14.7
Pacific 54.4 28.1 5.3 12.3
Europe 48.9 24.4 17.6 9.1

NOTES: All data in this appendix are given as percentages. Percentages may not add up to 100 due to rounding.

8. How much do you need additional professional development on the following knowledge and skills to
improve your mathematics instruction? (N = 573-574)

None Small Moderate High
Content of the mathematics Overall 39.4 321 17.8 10.7
standards
Americas 42.3 34.6 13.2 9.9
Pacific 33.3 29.2 21.9 15.6
Europe 39.7 31.5 19.3 9.5
Instructional strategies for Overall 22.7 34.8 27.4 15.2
teaching students to meet
the mathematics Americas 23.5 41.0 25.1 10.4
Pacific 20.8 25.0 28.1 26.0
Europe 22.7 34.2 28.5 14.6
Development of classroom Overall 24.4 32.1 26.0 17.6
assessments
Americas 30.6 32.2 22.4 14.8
Pacific 22.9 21.9 28.1 27.1
Europe 21.0 35.3 27.5 16.3
Use of assessment data to Overall 33.5 35.4 18.1 13.1
inform instruction
Americas 421 35.0 14.2 8.7
Pacific 32.3 22.9 21.9 22.9

Europe 28.5 39.7 19.3 12.5
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Use of student work Overall 349 33.9 21.1 10.1
examples to inform
instruction Americas 44.3 35.5 13.1 7.1
Pacific 33.7 23.2 24.2 19.0
Europe 29.5 36.3 251 9.2
Using technology to support Overall 17.4 29.3 32.6 20.7
student mathematics
learning Americas 18.6 32.2 31.7 17.5
Pacific 15.6 29.2 25.0 30.2
Europe 17.3 27.5 35.6 19.7
Differentiation of Overall 21.8 29.1 29.1 20.0
instruction for students at
different achievement levels Americas 24.6 30.1 31.2 14.2
Pacific 17.7 24.0 25.0 33.3
Europe 21.4 30.2 29.2 19.3
Differentiation of Overall 24.4 34.3 24.2 171
instruction for ELs
Americas 18.6 38.3 25.7 17.5
Pacific 20.8 22.9 28.1 28.1
Europe 29.2 35.6 22.0 13.2
None Small Moderate High
Differentiation of Overall 22.9 35.8 25.0 16.4
instruction for students with
disabilities Americas 21.3 38.8 26.2 13.7
Pacific 17.7 34.4 20.8 271
Europe 25.5 34.4 25.5 14.6

NOTES: All data in this appendix are given as percentages. Percentages may not add up to 100 due to rounding.

9. How much do you need additional professional development on the following mathematics topics to improve
your mathematics instruction? (N = 560-561)

None Small Moderate High
Developing students’ conceptual Overall 23.7 30.8 28.9 16.6
understanding of mathematics
Americas 27.0 371 24.7 11.2
Pacific 23.4 19.2 29.8 27.7
Europe 21.8 30.8 311 16.3
Helping students master basic Overall 35.5 34.5 20.4 9.6
mathematical skills and
procedures Americas 40.5 34.8 16.9 7.9
Pacific 35.1 26.6 23.4 14.9
Europe 32.6 36.8 21.5 9.0
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Helping students develop fluency Overall 25.1 37.3 241 13.6

with mathematical skills and

procedures Americas 30.3 427 18.0 9.0
Pacific 20.2 26.6 33.0 20.2
Europe 23.5 37.4 24.9 14.2

Helping students use tools and Overall 20.2 31.4 32.5 15.9

technology in class to support

their mathematics learning Americas 23.2 37.3 26.6 13.0
Pacific 20.2 24.5 34.0 21.3
Europe 18.3 30.1 35.6 15.9

Making connections between Overall 30.0 371 23.2 9.6

key mathematics topics and

concepts within my grade level(s) Americas 371 371 19.1 6.7

or course(s)
Pacific 29.8 28.7 27.7 13.8
Europe 25.7 39.9 24.3 10.1

Making connections between key Overall 25.0 35.1 27.3 12.7

mathematics topics and concepts

across grade levels Americas 29.2 36.0 24.2 10.7
Pacific 23.4 24.5 34.0 18.1
Europe 22.8 38.1 27.0 12.1

Helping students make sense Overall 21.8 28.9 31.0 18.4

of problems and persevere in

solving them Americas 25.8 31.5 25.3 17.4
Pacific 23.4 23.4 30.9 22.3
Europe 18.7 29.1 34.6 17.7

Helping students use Overall 32.1 35.5 221 10.3

mathematical language and

symbols appropriately Americas 39.3 33.2 19.7 7.9
Pacific 26.6 31.9 26.6 14.9
Europe 29.4 38.1 22.2 10.4

None Small Moderate High

Helping students construct Overall 17.5 28.0 335 21.0

viable arguments and critique

the reasoning of others Americas 16.9 30.9 34.8 17.4
Pacific 13.8 26.6 28.7 30.9
Europe 19.0 26.6 34.3 20.1

Helping students apply Overall 23.9 28.7 28.9 18.5

mathematics to solve problems

in real-world contexts Americas 30.3 32.6 21.9 15.2
Pacific 23.4 20.2 28.7 27.7
Europe 20.1 29.1 33.2 17.7



Helping students look for and Overall
make use of structure (e.g.,
patterns in numbers, shapes, Americas
or algorithms)
Pacific
Europe
Understanding the difference Overall

between mathematics concepts
addressed by the CCR standards for Americas
mathematics and those addressed

by the DoDEA mathematics Pacific
standards
Europe
Understanding which mathematics Overall
concepts are being prioritized in
the CCR standards for mathematics Americas
Pacific
Europe

27.5

30.9

28.7

24.9

9.8

7.9

9.7

9.3

9.0

10.6

9.0

36.5

37.6

27.7

38.8

16.6

18.5

12.8

16.7

15.0

15.2

23.7

21.4

28.7

23.5

26.1

30.3

26.6

23.3

23.7

28.1

22.3

21.5
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12.3
10.1

14.9
12.8
47.5
43.3
46.8
50.4
52.1

47.8
55.3

53.6
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